Tee States 


ee 


a 
RahmtiaDe? Re ineaal 
Tope nanbstene iN ets aTa ees 


sn 
veeern nS pee ora 
Sie ah shan) anh st atlas : ty 
F pinnae bene 


eee eee 
aa ane! 
Sac ee SSTNT 


aS ate 
as rem 


ices 


‘at aaa eaten Siar! 


ee 
Nr iran a) wate tn a 
Sean tata en 
alae 


esi 


elise oth 
< Spat that 


tala Fin wl ball 
EN ometh 
ace et 


wna toi 


on a ita ae tee ims tea 


Liman antenatal 


ieee 


ree 


Tapia wea ierasliatis! 


att a mmm 

jane ae aT 

pa he pire 
Fann otras rinsm vena 


plete Se eae 


saint ar at 


Sed 


a ee oe 


Fant aPtane so 


tae 


Fasten relent nl 
Taree it hip alin amet 
atten 8 


inst i 


Tent aera tae —a 


aa sarin arto 


einen - 
a ied 


ala 


awn 
CPT Ne ait oatinalh 
ON OE ead 


mint 
sialtatiatiainal (aaa! 
cenit 


en To 


eal a= 


hater 
anata ant 


sian 
rm 
Fava lattaitali nt Pimitasis 
j +s e 

Calin intaratie’ 


ecrcetnen ec ratinllmt inte 


aT a 
‘af alate 


Satta a A tabla il 


Digitized by the Internet Archive 
in 2022 with funding from 
University of Toronto 


https://archive.org/details/31/61115528218 


ce 


res 
Saal 


» ‘ 
“a 


1 7 : : hs ¢ " 
Oe ee Vie oe 
Dep ; : : : Po! ry Af 

ny AG my , tn AY hee ee car) -/ i 
ie veh ete ite ae . 

L io F ¥ J t uf = 

- 7 
al 


rar id 
Pn Na te 


. 7 in Hi [ 
i y . ve : 7 , rt i , 
: j 7 ‘ e 7 
LG - in es 
aie ae Y i a yan rin 
TY ri ra —_ ‘'\ ay, ft a : 
G8),; nnn cu ee TA. BE 
at nD ; i |) 
: ve oan : 7 
Vis o17 : rl @ i : 
| a ae i j 
Wey) ve iy, 
} bs ely : ike aN 
f he er ay ie ) j 
Lal | an ‘ Cpa + val } 
: in : ea lity 
’ m7 Wi ii A { ' : : 
Nt Ruy ve . ' 
i } 
j ct: 5 
¥ 
Vib unl . i 
. hP ie y f iM 
| ai , 
4 » “i 
; Bass 
= eet 
anh oy 
} . ~~ 
ae 
} J it De : 
[ ‘a 4a 
ae ats 
1 i} an Tiga 
. ‘ ( i va" es rt 


hi a aa 

>» : 2 

J a Tk Po, 
oe 

& 


be e 
f 
- 
I 4 
ae 
: i, 
1 
: ivi 
= rn 
t | 
* ; i} op 
= 
¢ ante i ’ 
t ne Oh 
Pa 


j =x Goverp 

S&S -- ~ | Pacific Marine Science Report 79-3 P ublications 
EP 35 

TRO 2 


A LORAN-C CALIBRATION, 
THE WEST CANADIAN CHAIN 
CYCLE SELECTION TESTS 


by 
A.R. Mortimer 


INSTITUTE OF OCEAN SCIENCES, PATRICIA BAY 
Sidney, B.C. 
1979 


For additional copies or further information please write to: 


Fisheries and Oceans Canada 
Institute of Ocean Sciences, Patricia Bay 
P.O. Box 6000 
Sidney, B.C., CANADA 
V8L 4B2 


Pacific Marine Science Report 79-3 


A LORAN-C CALIBRATION, 
THE WEST CANADIAN CHAIN CYCLE SELECTION TESTS 


by 


A.R. Mortimer 


Institute of Ocean Sciences, Patricia Bay 
Sidney, B.C. 
1979 


This is a manuscript which has received only limited 
circulation... Onvc7ztingsthis! irepertin a bibl dodrarcn,. 
the title should be followed by the words "UNPUBLISHED 
MANUSCRIPT" which is in accordance with accepted bib- 


liographic custom. 


Contents 
List of Tables 
List of Figures 
Appendices 
Abstract 
Acknowledgements 
Introduction 
Cycle Identification Tests, Spring 1977 
Southern B.C. Coast 
Central B.C. Coast 
Northern B.C. Coast 
Other Factors 
Conclusions 
U.S.C.G. Tests - November 1977 
Cycle Identification Tests, Autumn 1978 
Receivers 
Operators 
Analysis by Area 
Twilight Effect (Sunset/Sunrise) 
Precipitation Static 
Tracking 
Time to Acquire 
Conclusions 
References 


Appendix 1 - Commercial Receiver Specifications 


Appendix 2 - Spring 1977 (Partzeau) Cycle Identification 
Data Descriptive Statistics 


Appendix 3 - Spring 1977 (Veetor) Cycle Identification and 
Signal Characteristic Data 


Appendix 4 - Trip Report, U.S.C.G.C. FIR 


Appendix 5 - Autumn 1978 (Partzeau) Cycle Identification and 
Descriptive Statistics 


Appendix 6 - Loran-C Signal Quality Data for Juan de Fuca 
Strait Collected in U.S. (N.O.A.A.) Ship 
McArthur. 


43 


49 
oe 


332) 


86 


ei 


LIST OF TABLES 


Page 

1. Summary of Overall Test Results, Spring 1977. 13 
2. Receiver Performance Results, Spring 1977. 13 
3. Time Difference Test Results (5990). ie 
A. Results of Tests in Area #1. 15 
5. Field Strengths, Area #1. Ls 
6. Results of Tests in Area #2. 17 
7. Field Strengths, Area #2. a 
8. Field Strengths, Offshore. 18 
9. Field Strength, Dixon Entrance. 18 
10. Chain Comparison, Area #1. 19 
11. Transmission Pair Comparison. 19 
LZ) VUSS.CrG. -LeSstes. Dal 
13. Times and Places of Autumn 1978 Tests. 24 
14. Summary of Overall Test Results, Autumn 1978. OG 
15. Time Difference Test Results. a7 
16. Cycle Numbers, Averaged for all Tests. a) 
17. Receiver Performance, Results, Autumn 1978. 29 
18. Receiver Performance, 1977 and 1978. 29 
19. Operator's Influence. 30 
20. Acquisition Test Results for the Stations Occupied. sy 
21. Test Rests - West and East of Cape Beale. 32 
22. Test Results - Sunset or Sunrise. . Ce. 
23. Test Results - Rain or Fine - Canadian Chain. eu) 
24. Cycle Numbers - Rain or Fine. a 
25. Test Results - Rain or Fine - U.S. West Coast Chain. 35 
26. Tracking Tests, 35 
27. Time Taken to Acquire (for Receivers). 36 
28. Time Taken to Acquire (Varying Conditions). 33 


LIST OF FIGURES 


1. Northeast Pacific Loran-C Coverage, 1977. 2 
2. Offshore Calibration Route. 4 
3., Antenna Contiguration, C.S.c. Pari zeau, sorinde lo] 7. 6 
4. Test Areas, Bsc. .Coast,. 9 


5. Relative Frequency of Time Taken to Indicate Acquisition of Signal (1). 10 
6. Relative Frequency of Time Taken to Indicate Acquisition of Signal (2). 11 
7. Relative Frequency of Acquisition Errors, Areas 2 and 8. LzZ 
8. Gain Number vs Area. 16 
9. Antenna Configuration, C.S.S. Parizeau - Autumn 1978. 23 
10. Approaches to Juan de Fuca Strait - Test Area. 25 
ll. Relative Frequency of Acquisition Errors 5990X. 28 
12. Cycle Numbers East and West of Cape Beale. 34 
13. Relative Frequency of Time Taken to Indicate Signal Acquisition. 37 
APPENDICES 
1. Receiver Specifications. 4) 
2. Spring 1977. Test Data - C.S.S. Parizeau. 43 
3« Spring 1977... Test Data = C.S.8. Vector. 49 
4. U.8S.C.G. “Trap Report — Autumn 1977. 52 
5. Autumn 1978. Test Data - C.S.S. Parizeau. 59 
6. Loran-C Signal Quality Data for Juan de Fuca Strait. 86 


ABSTRACT 
This report describes a series of user oriented Loran-C cycle identifi- 


cation tests made for the West Canadian Chain. The weakness of Loran-C 
coverage in Juan de Fuca Strait and in Dixon Entrance is demonstrated. 
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INTRODUCTION 


The Canadian Hydrographic Service (C.H.S.) conducted a calibration of the 
West Canadian Loran-C Chain in the spring of 1977 (see Figure 1). This 
calibration was primarily designed to provide accurate lattices for Loran-C 
charts of the British Columbia (B.C.) coast.+ However, as the C.H.S. also 
provides practical information for the mariner in the form of sailing 
directions and other publications, it was thought that a more general evalua- 
tion of the chain would be of interest. Therefore an experiment, secondary 
to the main calibration, was designed to assess one important aspect -- 
cycle identification -- of Loran-C operations from the new user's viewpoint. 


To make the assessment of the chain's cycle identification capabilities, 
a number of commercial Loran-C receivers were lent to the C.H.S. by local 
companies. The actual tests were made by simply turning on the receivers 
and seeing if they accurately acquired the Loran-C signal. This first set 
of tests was made over all of the B.C. coast (see Figure 2). They served, 
together with data from a United States Coast Guard (U.S.C.G.) monitor 
receiver used in the calibration ship, to define areas of poor Loran-C recep- 
tion at the entrance to Juan de Fuca Strait and in Dixon Entrance. 


Loran-C has many applications which call for varying degrees of absolute 
accuracy and of repeatability. However, all users require that their 
Loran-C receivers accurately, and in some cases quickly, acquire and track 
the zero crossing point of the third cycle of the pulse in three of a 
chain's transmissions. A cycle identification error, in one of the trans- 
missions used to generate a hyperbolic position line, produces a 10 micro- 
second shift in that position line. This displacement is almost always 
high, (i.e. the time of arrival (T.O.A.) of the pulse is increased) and can, 
quite often exceed 10 microseconds in further increments of 10 microseconds 
to 20 or more microseconds. Land path from the transmitters distorts the 
Loran-C pulse and makes such errors more likely, particularly at a long 
range. The land path to the two problem areas, Dixon Entrance and Juan de 
Fuca Strait, from the farthest transmitters is greater in the West Canadian 
Loran-C chain than in any earlier Loran-C chains. Cycle selection capabili- 
ties also tend to deteriorate where local "noise" interferes with the 
process. Precipitation static, proximity of other transmitters using fre- 
quencies near 100 Khz and even twilight effects can have detrimental 
results on: the cycle selection process when the Loran-C signal is already 
attenuated by a long land path. 


Off Dixon Entrance, if a receiver makes a +10 microsecond error in 
acquiring and tracking the transmission from George, Washington, then the 
user's apparent position will be shifted about 5 nautical miles (n.m.), 
east-north-east. Off the entrance to Juan de Fuca Strait, if the Shoal Cove, 
Alaska, transmission is acquired and tracked 10 microseconds high, then the 
user's apparent position would be shifted 1% n.m. east-north-east. Sucha 
shift of position would be confusing to a navigator, even when a radar fix 
is available for comparison. 


The first calibration was made before the chain was commissioned, and at 
this time envelope to cycle difference (E.C.D.) was not rigorously 
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controlled. After commissioning, the cycle numbers of the Alert Bay 

monitor for the West Canadian Chain were held at 2.93, 2.83 and 3.03 for 
Master (Williams Lake), X (Shoal Cove) and Y (George, Washington) trans- 
missions respectively. 


The West Canadian Chain made its debut in court, in November 1977, where 
a Russian trawler skipper was prosecuted for fishing in a closed area on 
La Perouse Bank. The prosecution, which was unsuccessful, relied partially 
on Loran-C positions as evidence. 3 After the trial, the U.S.C.G. made a 
series of cycle identification tests in Puget Sound, Georgia Strait and 
through Juan de Fuca Strait as far as La Perouse Bank, off the west coast 
of Vancouver Island. The results of the U.S.C.G. cycle identification tests 
on La Perouse Bank were "outstanding". The one recommendation of the 
U.S.C.G. report was that the Canadian Government be advised to conduct 
another cycle identification survey in the area. Such a survey was made in 
November 1978, making cycle identification tests with five commercial 
Loran-C receivers. Regretably, the results were not outstanding. 


Another set of measurements was made in September 1978 when National 
Ocean Survey (N.O.S.) and U.S.C.G. calibrated the U.S. West Coast Chain in 
Juan de Fuca and Haro Straits. The C.H.S. took this opportunity to make 
some Loran-C signal quality measurements in Juan de Fuca Strait for both 
the Canadian and U.S. West Coast Chains. These measurements were made in 
N.O.S. Ship MacArthur with an Austron 5000 Monitor Receiver. Cycle identi- 
fication tests were not made at this time, but the two Internav 204 
receivers used in the calibration, tracked the U.S. West Coast chain through- 
out the operation. 


CYCLE IDENTIFICATION TESTS, SPRING 1977 


Object: To define from the users' viewpoint the cycle identification capi- 
bilities of the West Canadian Loran-C chain. The experiment was not a 
receiver evaluation. The experimental model was set up to include the 
variables of receiver type, range and transmission path type from the trans- 
mitters. 


Equipment: The experiment was conducted from two ships, C.S.S. Partzeau 
(Gantiwp. Pasher) and, C.S.s. Vector. (Capt. J.) Marston), in Mareh and April, 
LOT. 


On board Partzeau four commercial receivers were used for tests. 
These were a North Star 6000 (NS 6000), a Mirologic 200 (ML 200), a Decca 
(DL 91) and an Internav (LC 204). The latter receiver is owned by the 
C.H.S., and the other three were generously lent by their local manufac- 
turers' agents. A list of manufacturers' specifications for these four 
receivers is given in Appendix l. 


To provide a basis for comparison, two Austron 5000 Loran-C systems 
were kept continually tracking and monitoring the signals. One of these 
two Austrons was a monitor system on loan from the U.S.C.G. and it provided 
signal to noise ratio, gain/field strength and cycle tracking information, 
as well as basic position data. These two specialized Loran-C receiver 
systems were used for the main calibration experiment in conjunction with a 
satellite navigation receiver. 
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Figure 3 


In Vector only two commercial receivers were used, the Decca DL 91 and 
the Internav LC 204. Again the U.S.C.G. Austron monitor system was main- 
tained in synchronization with the transmitter stations throughout the time 
spent in this ship. 


The U.S.C.G. monitor system consists of an Austron 5000 Loran-C 
receiver controlled by a PDP 8/e computer. A Silent 700 data terminal with 
tape cassette unit is used for input/output. In addition to measuring the 
T.O.A."s and time differences (T.D.'s) this monitor system measures 
receiver gain, T.O.A. variance, which is related to ambient noise, and 
cycle number which is related to E.C.D. The pulse train or individual 
pulses from a transmitter in use can be displayed on a scope. The cycle 
number is of particular interest in this test as it confirms that the 
Austron T.D.'s were correctly obtained from the third cycle measurements. 
This cycle number is derived from a ratio of cycle amplitudes in the leading 
part of the pulse and conveniently indicates the distance into the pulse at 
which the cycle identification was made. The gain used by the Austron is 
also of interest in this series of tests as it can be related to field 
strength by - 


Pet SL enateclt ae eee ete ee oa 20% 


The antennae for the various receivers were placed above the bridge on 
both of the ships used. They were sited to maximize spacing between the 
antennae, in an attempt to meet manufacturers' specifications within the 
limited space available (see Figure 3). On both ships the receivers were 
placed in the scientific laboratory and about a 100 ft cable run from the 
antennae. The DL 91 and LC 204 had preamplifier units at their antennae 
bases, the other two receivers had passive antennae. The Internav LC 204 
receiver was supplied with an auxiliary notch filter designed to eliminate 
interference from CKN transmissions at 110.75 Khz. The other receivers had 
only the notch filters supplied as integral parts. 


Method: The variables influencing Loran-C signal acquisition were simplified 
for the purposes of this experiment and the effects of; 


(1) Type of receiver, 

(2) Area of operation, 

(3) .Nearband interference, 

(4) Transmitter pair (TD-X, TD-Y), and 
(5) Time to acquire, 


were considered. The response was the error of the time difference displayed 
by the receiver. 


Of the four commercial receivers in Partzeau only two completed the 
tests in satisfactory working order. The data produced by the ML 200 was 
not used in the analysis. The NS 6000 performed well for the first five 
days of the tests, but then developed a fault in the antenna base or antenna 
cable. The remaining two receivers were used to generate data for analysis. 


As the prime responsibility of the C.H.S. 1s charting, the areas of 
operation for the tests were defined by chart limits (see Figure 4). These 
areas are not of equal size, either in area or in number of tests made 
within their boundaries. However, the number of tests made within each area 
was adequate to generate sufficient statistics to describe the system in the 
area and to enable comparison with other areas. 


The Partzeau left Patricia Bay on March 21st, 1977 and returned on 
April 6th, having sailed along much of the outer B.C. coger, Tests ware 
started in Esquimalt Harbour at noon on the 21st of March, and then at 
approximately hourly intervals throughout the voyage, both in port and at 
sea. 


The procedure for the tests was simple. The watchkeeper, a hydrogra- 
pher, either, (a) set the notch filters to the best of his ability to 
eliminate intefering signals, or on alternate tests, (b) set all the 
notches off the signal, at the extremes of their settings. 


The receivers to be used for the tests were then turned on simultan- 
eously, and the time noted. When all the cycle search indicator lights had 
gone out on any particular receiver and that receiver indicated that it was 
accurately tracking the signal, the time was again noted. The hyperbolic 
coordinates given by the U.S.C.G. monitor system were also noted. If a 
receiver (or receivers) had not indicated successful acquisition within 
thirty minutes the test was stopped. The receiver make and area of opera- 
tion were logged as well as the time and coordinate information. 


In Vector a similar series of tests was made to compare the cycle 
identification capabilities of the West Canadian Chain and the West Coast 
U.S.A. Chain. The Vector sailed from Patricia Bay on the 18th of April and 
returned on the 22nd. Tests were made during the daylight hours in two 
areas; (1) Haro Strait, Gulf Islands and Southern Georgia Strait, and (2) 
Northern Georgia Strait and Howe Sound. Again two commercial receivers were 
used, the Internav 204 and the Decca DL 91, and the U.S.C.G. monitor system 
was kept in continuous synchronization with both the West Canadian and West 
Coast U.S. Chains, providing a basis for comparison. In this set of tests, 
owing to the proximity to the CKN (110.75 Khz) transmitter in the Fraser 
Valley, the notch filters were set for all tests, to the best of the 
operator's ability. Apart from the notch filter settings the tests were 
conducted in a similar manner to those in Paritzeaqu. Six complete sets were 
made each day. This amounted to fifty or more signal acquisitions on each 
chain. Throughout the Vector tests, the signals from the two west coast 
chains were acquired alternately. 


Data: The data for the first operations in Parizeau, are tabulated in 
Appendix 2. The distribution of times taken to acquire the signals is 

shown in Figures 5 and 6. The data summarizing the number of cycles displaced 
for the tests in Areas 2 and 8 are shown in Figure 7. Appendix 3 contains 
data obtained in Vector, where the U.S. and Canadian chains were compared 

in the Strait of Georgia. This appendix also contains field strength and 
Signal to noise ratio measurements made in Vector. 


Discussion: In the analysis of the data from the first series of cycle 
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identification tests, the error in the T.D. pair displayed by a receiver 
was treated as having a Bernoulli distribution. That is, the receiver 
either successfully acquired the correct cycle and gave correct coordinates 
on both patterns or it failed to acquire one or both T.D.'s. This approach 
is rather austere, but this is how an inexperienced user sees a system - 
either it works or it doesn't. So, using data from the tests made in the 
spring of 1977, in all areas, with or without notch filtering, using two 
receivers, for the West Canadian Chain: 


Table 1 


Summary of Overall Test Results, Spring 1977 


Number of Tests 545 
Successes 338 
Failures 207 
Proportion of Successes 0.62 
Std. Dev. of this Proportion £0.02 


Here the standard deviation (Std. Dev.) of the proportion is calculated 


using: 
Std. Dev. of Proportion = / ia 


where p is the proportion of successful trials and n is the number of trials. 
This standard deviation is useful when comparing two proportions. 


Again, looking at the chain as a whole, it is necessary to consider if 
the type of receiver used could influence the results of the experiment. So 
this description uses all tests made in the spring of 1977, in all areas, 
with or without notch filters, on both ships. 


Table 2 


Receiver Performance Results, Spring 1977 


Dis 191 LC 204 
Number of Tests 271 274 
Successes 144 194 
Failures L27 80 
Proportion of Successes 0253 Pe a 
Std. Dev. of this Proportion +0-03 =O 03 


The question was then asked, "Is the probability of successful signal 
acquisition the same for both receivers?" On inspection of the data it is 
intuitively obvious that there is a difference and, using the standard 
deviation, this is confirmed statistically, as it can be stated that there 
is only a 38% chance of both receivers performing in the same manner. Thus 
the receiver type does have an effect on the experiment and the use of two 
receivers will minimize the effect on the assessment of the chain. 
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To see if the two transmitter pairs, Williams Lake - Shoal Cove (TD-xX) 
and Williams Lake - George, Washington (TD-Y), have similar cycle identifi- 
cation capabilities throughout the calibration area, we have: - 


Table 3 


Time Difference Test Results (5990) 


TD=h ip? So's 
Number of Tests 545 545 
Successes 423 428 
Failures 22 a sais 
Proportion of Successes 0.78 On 79 
Std. Dev. of Broportion £6; 02 SO. uZ 


This tabulation includes the effects of data from all areas, with or 
without notch filtering, on both receivers and in both ships. The table 
shows that when averaged over the calibration area, the transmitter pair 
has little or no effect on the system's cycle identification capabilities. 
This can be shown to be due to poor reception of TD-X in Area #1, Juan de 
Fuca and Georgia Straits, being balanced by equally poor reception of TD-Y 
in area #8, Dixon Entrance. 


Southern B.C. Coast 


It is worthwhile considering the tests from an areal viewpoint. Areas 
#1 and #2 off southwestern B.C. have the heaviest concentration of traffic 
on the west coast of Canada. The Pacific Pilotage Authority boarded 3920 
ships off Victoria and 219 off Cape Beale in 1976. These numbers represent 
about half the foreign ship movements through Juan de Fuca and Georgia 
Straits and do not include warships, coastal traffic, tugs, fishboats or 
bathtubs. Neither do they include any traffic proceeding to or from United 
States ports. Area #8 covers Dixon Entrance and the Triple Island pilotage 
station where 393 ships were boarded by members of the Pacific Pilotage 
Authority. These two areas have the greatest traffic density on the B.C. 
coast. Although the waters off southwestern B.C. are by far the most 
heavily used, the approaches to Prince Rupert and to other northern ports 
are also of great importance. 


In Area #1, inside the entrance to Juan de Fuca Strait, the probability 
of correctly acquiring the transmissions needed to derive TD-xX is low. 
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Table 4 


Results* of Tests in Area #1 


TD=x% ih eg 
Number of Tests 83 83 
Successes Zo 82 
Failures 54 iL 
Proportion of Successes 0285 1 Oa? 
Std. Dev. Of Proportion $0.05 FO 20) 


*Tests made without the notch filters set are not included 
in this data “set: 


Table 5 


Field Strengths in Area #1 


(1) Master abt. 1200 microvolts/metre 
(2) X-Secondary 14-24 microvolts/metre 
(3) Y-Secondary abt. 6200 microvolts/metre 


These field strengths, which are derived from monitor receiver gain 
numbers, show a great range, and can be correlated with the success rate of 
the acquisition data (see Figure 8). 


The gain number of the secondary transmissions forming the time differ- 
ence and probability of successful signal acquisition of that T.D. have a 
75% correlation. Also, from practical experience, using the U.S.C.G. moni- 
tor system at sea, when field strength rises to above 150 microvolts/metre 
(gain # < 100), an "average" Loran-C receiver will reliably acquire a sig- 
nal. When field strength falls below 50 microvolts/metre (gain # > 110), it 
is doubtful if an "average" receiver will even track a signal. At the time 
of the tests CKN was intermittently making pulsed transmission at 110.75 
Khz. CKN's frequency has since been moved to 124 Khz. 


In general, cycle identification is a function of signal strength, 
signal to noise ratio, and envelope to cycle difference; and all these 
factors will vary along the transmission paths from both the master and the 
secondary transmitter. 


The use of notch filters appeared to be essential during the spring of 
1977 in Area #1. Only six tests were attempted without the notch filters 
set and all of these were failures. In the tests conducted in both 
Vector and Partzeau, there was no indication of any major differences in the 
cycle identification capabilities of the two receivers used. The best 
results in this case came from the DL 91 with a 40% (48%) success rate. 
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In Area #2, Outside the entrance to Juan de Fuca Strait the tests were 
a little more successful than those inside. 


Table 6 


Results of Test in Area #2 


Loss TD=Y 
Number of Tests 38 38 
Successes 16 Si 
Failures 22 7 
Proportion of Successes 0.42 0.82 
Std. Dev. of Proportion +0<08 +0.06 


In this area, the two receivers used showed markedly differing cycle 
identification capabilities. However, the better receiver only managed to 
acquire the signal successfully on 58% (+9%) of the tests. The use of 
notch filters gave only a marginally higher success rate; 40% as opposed 
to 39% without notches, etc. Therefore, it can be implied that inter- 
ference from CKN is far less troublesome in Area #2 than in Area #1. 


The field strengths observed from the three transmitters for this area 
were: - 


Table 7 


Field Strengths, Area #2 


Master 450 to 1000 microvolts/metre 
Shoal Cove 40 to 150 microvolts/metre 
George 2500 to 4400 microvolts/metre 


The field strength for Shoal Cove approaches the level needed for reliable 
use in this area. 


Central Bac. Coast 


The results of the test for areas north of Tofino (north of Latitude 
49° N) and south of Browning Entrance in Hecate Strait (south of Latitude 
54° N) or south of Tasu off the west coast of the Queen Charlotte Islands 
(Latitutde 53° N) were more successful than the results at the inshore 
extremes. of..the.chain.., In.Areas.3, 4, 5, 6, 7, 10 and 12, between 70 and 
90% of the tests were a success. The use of notch filters made little 
difference to the level of success in the cycle identification tests. The 
success rate of TD-X and TD-Y varies slightly with the distance from the 
transmitter in central coverage of the chain. 


Offshore in Area #12, where the Partzeau ran out toward the two hundred 
mile limit, the tests were reasonably successful. The differences within 
the factors measured in the experiment were negligible in this area. The 
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field strengths of the signals at Lat. 50° N, 135° W, were: - 
Table 8 


Field Strengths Offshore 


Master 500 microvolts/metre 
Shoal Cove 1700 microvolts/metre 
George 800 microvolts/metre 


Time did not allow the collection of data in Area #11, offshore from 
the northern B.C. coast. 


Northern B.C. Coast 


The northern extremity of the coverage area (Areas 8 and 9) showed a 
mirror image of the problems encountered with cycle identification at Juan 
de Fuca entrance. In Dixon Entrance the overall probability of making a 
successful acquisition of the chain was 44%. Of course, the majority of 
errors in cycle identification can be attributed to the low signal 
strength on the George transmission. TD-X was acquired successfully almost 
100% of the time. Off the northwest coast of the Queen Charlotte Islands 
(Area #9) the successful acquisition rate was 59%. Again, the errors are 
attributable to the weakness of the transmission from George. The use of 
notch filters in these two areas seems to make little or no difference to 
the success or failure of an acquisition attempt. Typical field strengths 
(microvolts/metre) from the three transmitters for these areas are: - 


Table 9 
Field Strengths, Dixon Entrance 


Area #8 Area #9 


Master 500 450 
Shoal Cove 17000 9000 
George ZZ TZ 0 


In Dixon Entrance, after the initial acquisition test had been made, 
and had been judged to be a failure, the receivers were made to track on 
what was thought to be third cycle. Generally, two receivers tracked the 
Signal accurately; but it should be noted that on one occasion when the 
ship was making a 90° turn the receivers skipped a cycle. Similar tracking 
tests were made in Juan de Fuca Strait; here the LC 204 would track 3rd 
cycle ground wave, but the DL 91 immediately moved onto skywave. 


Another passage waS made through Dixon Entrance in July 1977. This 
time an attempt was made to use the Gulf of Alaska Chain. The commercial 
receiver in use, an Internav LC 204 could not acquire the master trans- 
mission of this chain until the ship (C.S.S. Pandora ITI) was well clear 
of the land. Similarly the Austron 5000 monitor system tracked skywave 
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from the master at Tok, Alaska, as the ground wave was too weak to be identi- 
fied. The weakness of the ground wave only became apparent when the ship 

was well clear of the land. As a ship steams west out of Dixon Entrance the 
landpath to Tok decreases rapidly. 


Other Factors 


Just as overlap of Loran-C coverage exists in northern B.C. waters with 
the Gulf of Alaska Chain; overlaps also occur with the U.S. West Coast Chain 
in southwestern B.C. The series of tests in Vector were made to see if the 
U.S. West Coast Chain might provide better coverage than the West Canadian 
Chain. The first thing to note when considering this substitution is that 
the geometric error of position is five times greater for the U.S. Chain 
than for the Canadian Chain, in this area. The cycle identification tests 
in Vector had the following results: - 


Table 10 


Chain Comparison 


Use. Canadian 
Number of Tests ek 23 
Successes 24 24 
Failures Pa rh) 
Proportion of Successes O4ra 0.45 
Std. Dev. of Proportion +0.07 £07..07 


Noting the standard deviation of the proportions, it cannot be said with 
any high degree of confidence that these data show that the U.S. and 
Canadian Chains have different cycle identification capabilities. 


Table 11 


Transmission Pair Comparison 


U.S. Canadian 
TD-W T™-X  $TD-X TD-Y 
Number of Tests ea ob ne) 5S 
Successes © 36 32 24 53 
Failures 15 i9 29 O 
Proportion of Successes Our. 0.63 0.45 1 
Std. Dev. of Proportion +0.06 +0.07 £0.07 @) 


Again, the data emphasizes the weakness of the Shoal Cove transmissions. 
It also implies that the Fallon and Middleton transmissions may not be 
reliably acquired in the Strait of Georgia. The field strengths and signal 
to noise ratios, associated with the above data are given in Appendix 3, 
together with a more detailed breakdown of the cycle identification data. 
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The time taken for a receiver to indicate (i.e. turn its indicator 
lights out) that it had successfully acquired both T.D.'s correctly is 
shown in Figure 5. Although there is a small degree of correlation between 
time taken and failure or success in acquisition, this is not appreciable. 
Information from the receiver manufacturers suggests that time taken to 
acquire a signal is a function of ambient noise. Also a receiver will just 
as quickly acquire skywave if there is no groundwave to be seen. The time 
taken to acquire a Signal whether right or wrong, does not appear to vary 
with area (see Figure 6). Generally it can be stated that it will take 
between 5 and 10 minutes to make an acquisition, and if the receiver takes 
15 minutes or over, it is more likely to be wrong than right. 


The size of the error caused by an incorrect acquisition is of great 
interest to the user. Large errors are, in many cases, easily detectable. 
Figure 7 shows the distribution of cycle acquisition errors in Areas #1, 

2 and 8. When errors occur they tend to be large. Thirty percent of the 
tests acquired the signal 5 or more cycles high. A very high proportion of 
that thirty percent is in the "or more" category. This implies that the 
receiver in those cases was not tracking any reliable signal. Frequently, 

a receiver will show 3 cycles high when it makes an incorrect acquisition 
and this should be easily detectable given a good dead reckoning position or 
visual check. 


Conclusions - from Tests made in the Spring of 1977 


A navigator, turning on a Loran-C receiver at the extremities of the 
coverage area of the West Canadian Chain, has an unsatisfactorily low pro- 
bability of correctly acquiring the transmission from the farthest 
secondary station. These present extremities of the coverage, Juan de Fuca 
Strait and Dixon Entrance, are well within the original design coverage. 
Although these tests were made prior to the commissioning of the chain they 
do aid in identifying areas of poor coverage, and appropriate warnings have 
been placed on latticed charts. 
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ULS.C.G. TESTS = November 1977 


The text.of the U.S.C.G. report is given.in Appendix 4. Their tests were 
made in Puget Sound, Georgia Strait, Juan de Fuca Strait and off the S.W. 
coast Of Vancouver Island. For comparison with tests made in Vector the 
following data, collected in Georgia Strait, is tabulated here. 
Table 12 
Ue orcsG. LeSs 


U.S. West Coast Chain - Georgia Strait 


Receiver Number of Tests Successes Proportion Std. Deviation 
LC 204 76 73 0.96 £0.02 
ML 200 76 44 0.58 +005 
TD 708 76 33 0.43 +005 
All Receivers 228 150 0.66 £02.03 


The tests made in Vector, in the same area, before commissioning, 
achieved only a 47% success rate for the "average" receiver as opposed to 
66% in the U.S.C.G. tests. In Vector the LC 204, which is the only 
receiver in common between the two tests, gave 58% (+10%) success rate. 


The U.S.C.G. tests off Vancouver Island also produced much better 
results than the earlier C.H.S. tests. See Conclusion #3, page 39. West 
of Cape Beale, a 100% success in acquiring signals was achieved with all 
receivers. East of Cape Beale at the approaches to Juan de Fuca Strait 
only the Internav LC 204 produced any useful results. It had a success 
rate of 78% (+15%). The other three receivers did not correctly acquire 
the signal in any one of the nine trials. 


The U.S.C.G. officer making this report recommended that in view of the 
poor publicity and legal aspects of the Loran-C chain accuracy in the area 
west of Cape Beale the Canadian Government be advised to conduct another 
survey. 
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CYCLE IDENTIFICATION TESTS, Autumn 1978 


Further cycle identification tests were made in C.S.S. Parizeau (Capt. 
A. Chamberlain) at the entrance to Juan de Fuca Strait in November, 1978. 
Again, local manufacturers' representatives made several receivers available 
and over 800 individual cycle selection tests were made. The experiment was 
designed to describe the cycle identification capabilities of the two Loran- 
C Chains available in this important area. Such factors as: 


1) whether the ship was east or west of Cape Beale, 
2) weather effect, 

3) sunrise (sunset) effect, 

4) operator influence; 

5) previous data, and 

6) type of receiver, 


were considered in the data collection and analysis. 


Object: To define from the users' viewpoint, Loran-C cycle identification 
capabilities at the approaches to Juan de Fuca Strait. These tests were 
not receiver evaluations. 


Equipment: Five commercial Loran-C receivers were used to collect cycle 
selection data. These receivers, an Internav LC 204, an Internav LC 123, 

a Decca DL 91, an S.R.D. (c) and a Texas Instruments 9000A, were installed 
in Parizeau's main laboratory. A Meico CDX II Loran-C receiver was put on 
the ship's bridge for evaluation purposes. The availability of the LC 204 
and DL 91 allowed comparison with the previous experiment in Partzeau. The 
only receiver used in common with the U.S.C.G. trials was the LC 204. The 
manufacturers' specifications for all the receivers used in the C.H.S. tests 
are given in Appendix I. 


An Austron 5000 Loran-C monitor system was used to continuously track 
the Loran-C signals for both the Canadian and U.S. West Coast Chains. 
Receiver gain, T.O.A. variance and cycle number were logged together with 
position line information. The oscilloscope display on the Austron 
receiver was monitored continuously to ensure proper third cycle tracking of 
all signals. During the period of the tests, the Austron receiver failed to 
track correctly the Shoal Cove (5990-X) transmission on four occasions, 
either at sunset or sunrise or during rainy weather. Improper tracking 
occurred once with the Middleton (9940-X) transmission. Thus a total of ten 
tests had to be disregarded when the Austron did not track correctly, or 
when the cycle number exceeded the limits 2.60 to 3.40. 


Frequent checks were made on the validity of the Austron position line 
data with the Satnav fixes from an integrated navigation system. These 
comparisons were also to check the Loran-C lattice on Chart 3652. 


The antennae for the DL 91, S.R.D.(c) and TI 9000A Loran-C receivers 
were placed above the ship's bridge, allowing as much clearance as possible 
from obstructions. The antennaefor the Internav receivers were permanently 
installed on the ship's yardarm and provided signals to both the LC 204 and 
the LC 123. Therefore the two Internav receivers had the advantage of a 
high antenna, clear of obstructions. The antenna from the Austron 5000 was 
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placed on the ship's topmast, clear of all obstructions except for the 
ship's satellite antenna (see Figure 9). 


Method: Each set of cycle identification tests was made over a half hour 
interval. The five receivers were turned on simultaneously and set to their 
appropriate acquisition functions. When the receivers indicated they had 
acquired the signal, the T.D.'s displayed were noted and compared to the 
T.D.'s given by the Austron monitor system. If a receiver did not indicate 
that it had acquired the signal within 20 minutes, the test, for that 
receiver, was treated as a failure. The times of the start and end of the 
test for each receiver were noted. 


At the start of the last ten minutes of the half hourly test periods 
each receiver was set on the correct T.D.'s and put into tracking (normal) 
mode. If the receiver stayed locked on to both of the correct T.D.'s for 
the remainder of the period, this test of the receiver's tracking ability 
was considered to have been successful. Although the time available for the 
tracking test was limited, this test gives a good indication of the systems’ 
ability to provide reliable position information given a good start (e.g. 
from a radar fix). Generally, a Loran-C receiver will track a signal correct- 
ly under much poorer conditions than it will acquire the signals. Thus if 
it can be settled down on third cycle within ten minutes it will probably be 
able to hold the signals until there is a change in reception conditions. 


Tests were made alternately for the West Canadian Chain and for the 
U.S. West Coast Chain. The observations were made on three stations at the 
approaches to Juan de Fuca Strait, within Area #2 shown on Figure 10. The 
first station occupied was on Swiftsure Bank, east of Cape Beale. Measure- 
ments were made at two stations west of Cape Beale, one of these offshore on 
La Perouse Bank and the other inshore off Barkley Sound. The stations were 
occupied over the sunrise or sunset period in the following order. 


Table 13 


Times and Places of Autumn, 1978 Tests 


Number of Tests 


(5990) Station Local Time Day 
7 Swiftsure Bank (1) 0400-1100 326 
> Off Barkley Sound (2) 1100-1800 326 
2 La Pérouse Bank (3) 1800-1400 326/327 
6 Swiftsure Bank 1400-2000 S27 
7 La Pérouse Bank 2000-1500 327/328 
6 Swiftsure Bank 1500-2100 328 
13 Off Barkley Sound 2100-1000 328/329 
La Pérouse Bank LOUOU= 1500 PAS 


A few tests were also made off Cape Alava, but the data from these have 
not been included in the analysis as they were outside of Area #2, that was 
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used in Spring of 1977. As the operation was not entirely concerned with 
cycle identification tests, far more tests were made west of Cape Beale 
than east of it. The ship was on station, and drifting during the sunrise 
or sunset period. 


All the equipment functioned reasonably well during the tests. Over- 
heating appeared to cause problems in some receivers such as the Internav 
LC 204. It was found to be necessary to stop the tests for about an hour 
every day to allow the receivers to cool down. Position line and signal 
characteristic information were logged at 10-minute intervals on a data 
terminal associated with the Austron 5000 monitor system. 


Data: The observed data for the autumn, 1978 tests are tabulated in 
Appendix 5. The cycle numbers, logged on the Austron 5000 at the time of 
each test are included in the Tabulation. Tests where the Austron cycle 
number did not fall between 2.60 and 3.40 were not used in the data analy- 
sis. Histograms were plotted showing the distribution of time to acquire 
the signals and the distribution of whole cycle errors (see Figures 11 and 
oye 


Data analysis started with the calculation of the proportion of suc- 
cessful signal acquisitions for each chain - 5990 and 9940, for each T.D. 
pair in the chains, for tracking ability using each chain and for the 
proportion of potentially dangerous acquisitions. These main data sets were 
further partitioned to describe the effects of weather - rain or fine, 
sunset or sunrise, operator and area of operation. 


Another feature that was isolated from the observed data was the num- 
ber of acquisitions that were 10 or 20 microseconds in error. Such 
acquisitions were considered to be potentially hazardous; since errors of 
less than 3 n.m. could be confusing to the navigator when erroneous. 
Loran-C position is compared to a position derived from another system. 


Discussion: The acquisition tests at the approaches to Juan de Fuca Strait 
were made over a period of four days. The overall results are given in 
Table 14. 


Table 14 


Summary of Overall Acquisition Test Results, Autumn 1978 
(Std. Dev. of Proportions are given in parenthesis.) 


5990 9940 
Number of Tests 350 365 
Successes . Ney BS Loo 
Failures L179 170 
Proportion of Successes 0. 29%6, OS)00653 (203) 


Proportion Potentially Hazardous 0.17 (.02) 0.22 (.02) 
Best Receiver OS 90.06) 6.88 0504) 
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Now this first look at the acquisition test data is not very encouraging, 
so it is necessary to consider the various effects in the tests. Table 15 
shows results for each time difference pair in the two chains. The sizes 
of the acquisition errors for Shoal Cove are shown in Figure ll. 


Tablezi5 


Time Difference Test Results 


5990 9940 
Xx M¢ W x 
Number of Tests 350 350 365 365 
Proportion of Successes O52 0.90 0.79 Oyo 
Std. Deviation of Proportion 0.03 0.02 OFOZ O. 03 


The above table of course indicates that the problem of cycle identification 
in this area is still that of acquiring the signal from the farthest trans- 

mitters. The cycle numbers, averaged for all the tests, are given in Table 

EG* 


Table 16 


Cycle Numbers, Average for All Tests 
(Sample Std. Dev. given in parenthesis) 


M X(or W) yc 
West Canadian (5990) .. 2.97 .(0.05) B04 (0 19) 22941 (0. OG) 
U.S. West Coast (9440) 3. 00:..(0.208.) 3200.1.(0.06) eye isy CO) Avan) 


It is worthwhile noting that the standard deviation of the Shoal Cove cycle 
number is much larger than other standard deviations. The Austron 5000 
receiver had not been calibrated. Therefore these cycle numbers do not give 
an absolute measure of envelope to cycle difference, but do show the changes 
experienced with varying conditions. 


Receivers 


Another aspect to consider in analyzing the overall test results is 
the performance of the individual receivers used in the tests. The 
results for both the acquisition and the tracking tests for the five 
receivers, for both chains are given in Table 17. The proportion of success- 
ful acquisition and tracking tests are tabulated, together with the standard 
deviation of the proportions in parenthesis. 
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Table 17 
Receiver Perforinance Results, Autumn 1978 


(Proportion of Successes) 


Acquisition Tracking 
5990 9940 5990 9440 
Internav LC 204 D.Sets 0G, "Ooo oom 60-63 1.05). 0078 (s05) 
Internav LC 123 G70, 06) (0.86 (man) 0.94 (03) 0.97 (202) 
Decca DL 91 Or aie -(2106)-1 0.08) (SOG MD OSG (06) 0.45.06) 
S.R.D. (c) On50 06) O62 (Oe 0776 (205) 0.77 (05) 
T.I. 9000 A 0.27 @05) 0.14 (.0aj;PemO 50 (Oe 6.33. (.06) 


Thus there is a wide variation in performance for the receivers used. The 
poor showing of the Decca, in the tracking tests may be explained by opera- 
tor or equipment problems when setting the correct time differences in the 
displays. The Decca was fitted with a pear shaped copper antenna that is 
claimed to work well under poor reception conditions. But data indicates 
that the DL 91's performance still declined markedly in rainy weather. No 
explanation for the Texas Instruments 9000 A receiver's poor performance 
can be offered except that its antenna was adjacent to another communica- 
tion antenna. When trying to acquire the U.S. West Coast Chain this 
receiver would frequently select the TD-Y (Fallon-Searchlight) pair, pvre- 
sumably using a strong skywave signal from Searchlight. There were some 
differences to be noted in the performance of the receivers between the 
tests in the spring of 1977 and those in the fall of 1978, where the Decca 
DL 91 and the Internav LC 204 were both used in both sets of tests. 


Table 18 
Receiver Performance, 1977 and 1978 


DL OL LC 204 
LOT. 1973 LOT? 1978 


Number of Tests 19 70 19 70 
Successes 4 ean LL 40 
Failures 15 39 8 30 
Proportion of Successes 0. 2a: 0.41 0 453 OAS 
Std. Dev. of Proportion £0.09: (£0.06 cf a +0.06 


The improved acquisition capabilities of the DL 91 are apparent. There is 
no significant change in the performance of the LC 204. 
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Operators 

Another influence on the experiment was the varying ability of the 
three operators. The data in Table 19 gives an indication of variations of 
operator ability over a twenty-four hour period. 


Table 19 


Operator's Influence 


(Std. Dev. of Proportions given in Parenthesis.) 


Operators 
1 “ 3 
Number of Tests 40 65 70 


Successful Acquisition 0, S30 208} OVSE (.06) ©0247 (206) 
Successful Tracking Or, Biden (ee OG) Od 2» &j06) ~ Os 69506) 


There is little variation between operators in making successful signal 
acquisitions as this is a very simple process from the operator's viewpoint. 
Some variation can be detected in successfully tracking the Loran-C signals, 
as this process requires a little more operator interaction with the 
receiver. 


Analysis by Area 


Most of the tests were made at (and around) three positions within 
Area #2, on Swiftsure Bank, off Barkley Sound and on La Pérouse Bank (Big 
Bank), (see Figure 10). A summary of the acquisition data at the three 
stations is given in Table 20. 
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Table: 20 


Acquisition Test Results for the Stations Occupied 


Swiftsure Barkley La Pérouse 
Bank Sound Bank 


West Canadian Chain 


Number of Tests 15 80 204 
Successes SL 40 107 
Failures 44 40 oF 
Proportion of Successes 0.41 0.50 Ope 
Std. Dev. of Proportions +0.06 +0.06 20.03 
Proportion potentially 0.07 baat ‘iene 
hazardous 
Std.,/ Dev,.:.o£f) Proportion $0.03 +0.04 e003 


U.S. West Coast Chain 


Number of Tests oo Was 2a 0 
Successes 52 40 LO? 
Failures 44 30 108 
Proportion of Successes 0.54 O57 0.49 
Std. Dev. of Proportion ZO, 05 +0.06 O03 
Proportion Potentially 0.23 0.13 0.23 
hazardous 
Std. Dev. of Proportion +0.04 +0.04 4 Orn Os 


These results are disappointing, especially those for the U.S. West 
Coast Chain. But three points are noteworthy. 


l. The difference in performance of the West Canadian Chain east and west 
of Cape Beale. 


2. The higher proportion of potentially hazardous acquisitions west of 
Cape Beale. It is assumed that east of Cape Beale skywave is usually 
acquired and gross acquisition errors occur. 


3.7 ee Ss Nek POSSI] CO identify any onshore-offshore effect as the re- 
sults of tests on La Perouse Bank and off Barkley Sound are similar. 


Table 21 compares the data sets obtained west and east of Cape Beale 
for the West Canadian Chain. See also Figure 12. 
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Table 21 
Proportion of Successful Tests - West and East of Cape Beale (5990) 


(Std. Dev. of Proportions are given in Parenthesis.) 


West Bast 

Number of Tests 255 eS 

Successful Acquisitions OL 557 6.03) Oe ater PUG ) 
Successful Tracking OnGeant.0s) 2 esi re Nei 20 
Potentially Hazardous O36 26.02) Oro 2 O35) 
Best Receiver (Acquisition) 0.80906) Oe oor te La) 
Best Receiver (Tracking 0.9674 02) OCGG. Nee) 


Twilight Effect (Sunset/Sunrise) 


Analysis by area shows some interesting features but it does not 
account for the generally poor performance during the 1978 tests. These 
tests were designed so that the ship was on station during the sunset or 
sunrise period. The data available, for the West Canadian Chain - at 
sunset or sunrise is tabulated in Table 22. 

Table 22 


Proportion of Successful Tests - Sunset or Sunrise 


(Std. Dev. of Proportions are given in Parenthesis. ) 


5990 9940 


Sunset/rise Average Data Sunset/rise Average Data 


Number of Tests Si) 350 35 365 

Successful Acquisitions 0.31 (.08) O49" "C.'03) 0.54 (.09) eas. (20s) 
Successful Tracking 0O.66.-(. 08) Osha (e002) 0.60 (¢.08) 0.66 763023 
Potentially Hazardous O20" (OP) O44 7903023 O.714. 05) O22" (02) 
X-Acquisitions only 0.34 {.08) 0552 (.03)) (W)'05832 (0.66) Of79  .C.G2) 
Y-Acquisitions only 0.94 (.14) OIOYR02) (OL STE (7089 O97 (.08) 
Best Receiver (Acq. ) O64 3020) O70 ab. OG 0,86. -14,) eee 204") 


Now these statistics indicate a definite deterioration of operational 
capabilities for the Canadian Chain when compared to averaged data given 
previously in Tables 14, 15 and 20. The acquisition rate drops for the 
West Canadian Chain from 49% for the average over 4 days to 31% at sunset/ 
Sunrise. Isolating the TD-X pair, the rate of successful acquisition drops 
from 52% for the average over 4 days to 34% at sunset or sunrise. The 
Austron cycle number for the X-secondary increases appreciably during the 
sunset or sunrise periods. The average cycle number for the X-secondary of 
the Canadian Chain is 3.04, but at sunset or sunrise this number rises to 
3.10. So at sunset or sunrise, when there is usually a lot of skywave 


activity the shape of an already weak pulse becomes distorted. 
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When the 


Signal is strong the cycle number does not change very much at sunset or 
sunrise. The Y-secondary cycle number changes only from 2.94 for average 
These and additional data 
are shown in Figure 12. Now the U.S. Chain shows hardly any change in per- 
formance when comparing the tests made during sunset or sunrise with the 


conditions to 2.95 during sunset or sunrise. 


average of all the data. 


Thus it appears that Shoal Cove reception is the culprit. 


AnGd Vist can 


be inferred that when reception of a station is already marginal, acquisi- 


tion ability is even further impaired at dawn or dusk. 


When Loran-C 


reception conditions are adequate, then there is no difference in acquisi- 
tion ability at sunset or sunrise when compared to the rest of the day. 


Precipitation Static 


Now the weather also affects Loran-C cycle identification. 
fortunate from this viewpoint that during the four days of measurements 
made at the entrance to Juan de Fuca Strait there was one complete rainy 
The measurements made on these two days 
in the La Pérouse Bank area using the Canadian Chain are tabulated in 


day and one complete fine day. 


Table 23. 


Table 23 


Proportion of Successful Tests - Rain or Fine 


(Std. Dev. of Proportions are given in Parenthesis.) 


Number of Tests 
Successful Acquisitions 
Successful Tracking 
Potentially Hazardous 
X-Acquisitions Only 
Y-Acquisitions Only 


Best Receiver (Acq.) 


It was 


5990 - La Perouse Bank 


Average Day 


205 


0.52 
0.68 
Ov1lgs 
OW 56 
0% 90 
0.80 


(.03) 
(#08) 
(.03) 
(03) 
(03) 
(.06). 


Fine 


Day 


65 


Oeot 
OFS 
O22 
0.60 
0.88 
Dine 


(.05) 
(.05) 
1. ey) 
(.06) 
(.04) 
(. EQ) 


226 
OF oy, 
OnLy 
0229 
0.86 
O62 


The cycle numbers for both chains observed under different weather 


ditions are given in Table 24, 


Table 24 


Cycle Numbers - Rainy, Fine, 


Average 

Fine 

Rainy 
Sunset/Sunrise 


M 


2.97 


2.98 
2:96 


PARES ES 


5990 
Xx 
3.04 


2.94 
Cy ey 


ee 0 


Sunset or Sunrise 


bg 
Cote 


2.94 
L693 


hes bs 


M 


3.00 


3.00 
ENS O16, 


2.98 


9940 
W 
3.00 


3038 
2.90 


3200 


Rainy Day 


65 
V205) 
(.06) 
(nD) 
(.06) 
(.04) 
(.14) 


Con 
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Figure 12 
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The only appreciable change in cycle number for six stations monitored 
is in the Shoal Cove transmission where the number has a range of 0.18. The 
weather effect data for the U.S. West Coast Chain is given in Table 25. For 
this chain the weather effect is not as marked as for the Canadian Chain, but 
cycle acquisition characteristics still deteriorate in rainy weather. 


Tabie* 25 
Proportion of Successful Tests - Rainy or Fine 


(Std. Dev. of Proportion is given in Parenthesis) 


9940 
Average Data Rine Rainy 

Number of Tests 365 100 110 
Successful Acquisitions On 3, ( 103) O560° (05) 0.47, 4 205) 
Successful Tracking 0 -66.4....02) Oe67 (, 05)" 0260) (2Os7 
Potentially Hazardous Oe22 €.02) Oe eit. O49 One om enOe) 
W-Acquisitions Only 0. /9--(. 02) 0.80 (2.04) 0269 ~C(U04) 
X-Acquisitions Only O257-143 03) 0.65: (205). Os56 sa) 
Best Receiver (Acq.) 0.88. (.04) de 0O Daw. (.09) 


It is well known that precipitation static is not beneficial to low fre- 
quency radio wave reception. The figures in Table 23, for the West Canadian 
Chain amply demonstrate this as the rate of successful signal acquisitions 
falls from 57% in fine weather to 26% in rain. Once again the reasons for 
the decrease in successful acquisition can be found in a deterioration of 
the reception characteristics of the Shoal Cove signal. 


Tracking 


Table 26 compares the tracking test results under various conditions for 
both chains. 


Table 26 
Tracking Tests 


(Std. Dev. of Proportions given in Parenthesis.) 


5990 9940 
All Data Oita (202) 0.669402) 
Fine Weather 0.81 (.04) 0.67 4605) 
Rainy Weather OFS50, (05) O60 C705) 
Sunset/Sunrise 05.66.09) O.60 (.08) 
West Cape Beale 0.68 9(..03) --- 

East Cape Beale Oo 2205) --- 

Internav 123 O24" (703) Oo7 "Cr02) 


Tis 900074 0550) 4( 406) 0433 (.06) 
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Again the tracking tests vary considerably with weather and with 
receiver type, but very little change is noted between different areas. 


Time to Acquire 


Time taken to acquire the Loran-C signal by the receivers used is given 
in Table 27 and this data is also shown in Figure 13 to enable comparison 
with the 1977 data shown in Figures 5 and 6. 


Table 27 


Time Taken to Acquire (for Receivers) 


West Canadian Chain Mean Std. Dev. Proportion of Time to Acquire 
(Minutes) of Mean <5 m <10 m <5 ee 2.5) om 
All Receivers LOS Bea Oe26 O<4h OOS ao 24 
Internav 204 a ipegeon" ay LOL Ocul, [OAD ROT S pa Shy 
Internav 123 G3 yng) 0753 0.44 OLOLL 20502 
Decca DL 91 LORS age O20 OL6E OS07) WO. 22 
SuReDs JAC) 9.3 oak 0.44 O.21 Rs WP ee 
T.I. 9O00A Ds 36 DLE) Oak O aplslee Shean 


U.S. West Coast Chain 


All Receivers 13.4 ae % 0.07 0.32 0.22. 00089 
Internav 204 14.6 Cees: 6) O2Lg G47 = Oese 
Internav 123 92.0 $39 0.01 0.85 O08. <0 206 
Decca DL. ‘Of : 14.2 3.8 0.01 OF26 0.29 0.44 
S.R-Den (C) L1Lc5 3.4 O227 Ou22 OF 22" Oe2s 


T.I. 9OOO A 13.0 4.2 05:03 0.08 OF05 0.84 


RELATIVE FREQUENCY OF TIME TAKEN TO 
INDICATE ACQUISITION OF SIGNAL 


100 
90 ALL DATA 


Percentage 
ven 
So 2 


> 
(oe) 


WO 
oO 


20 


6) <5 <I0° * «<15'> <20° “">20 
minutes 


90 RAIN 


Percentage 
Nn 
o) 


hb 
oS 


0 <5 210" 8159520 320 


minutes 


100 


90 FINE 
80 
70 
60 


50 


30 


20 


0 <5 10) 15 y- 1<20 4220 


minutes 


100 


90 SUNRISE/ SUNSET 


0) <5 <10 "<I5. <<20) \220 


minutes 
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Time taken to acquire the signal for the "average" receiver under 
varying conditions is given in Table 28. 


Table 28 


Time Taken to Acquire (Varying Conditions) 


Canadian Chain 


Mean Std. Dev. Proportion of Time To Acquire 

mee Y of Mean <5 m <10 m <is 215 m 
All Data 10.3 Se 0.26 0.41 0.09 0.24 
Fine Weather 10.1 Bon O¢25 0439 O.25 Ose. 
Rainy Weather 9.9 i ae? 0.23 0.49 0.04 OQ. 22 
Sunset/Sunrise £053 3.2 O223 0.43 Oe Ov23 
East of C. Beale SE: 3d 0.33 02355 0.08 0.24 
West of C. Beale 10.4 Cpe O25 0.40 0.07 0.28 


Time taken to acquire a Loran-C Signal does not change appreciably 
with the weather or other effects. 
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CONCLUSIONS 


in 


The results of the two series of cycle selection tests by the C.H.S. are 
disappointing. At the approaches to Juan de Fuca Strait, one of the 

most important areas off Canada's coasts, these tests showed that the 
Loran-C signal cannot always be accurately acquired. A similar situation 
exists in Dixon Entrance. Cycle selection capabilities over the rest of 
the B.C. coast are satisfactory. Comparing the two series of tests made 
in 1977 and 1978 the rate of successful signal acquisitions increased by 
about 10%. 


It is apparent that using cycle selection tests yields a rigorous assess- 
ment of a Loran-C chain. This method focusses on only one important 
aspect of Loran-C usage and it is doubtful if any phase comparison posi- 
tioning system can produce 100% correct cycle identification. 


The U.S.C.G. tests gave much better results than the C.H.S. tests. A 
spectrum analyzer was used by the U.S.C.G. to identify interference and 
reception problems on the receivers. The C.H.S. did not use a spectrum 
analyzer during the tests. Therefore it is possible that the installa- 
tion of receivers, and. the use of notch filters in Paritzeqau was not as 
efficient as in the U.S.C.G. tests. The second series of C.H.S. tests, 
at the approaches to Juan de Fuca Strait, was made under varying wea- 
ther conditions over a period of four days (and three nights). The U.S. 
C.G. do not mention weather or time of day in their tests. The C.H.S. 
tests were designed to show the cycle identification capabilities under 
typical operating conditions, which could include imperfect installation 
and interference rejection, the effects of precipitation static and 
skywave interference at twilight. It is thought that the C.H.S. tests 
give a reasonable description of the cycle identification capabilities 
for the chain under "average" operating conditions. 


The results of tests made east of Cape Beale indicate that if a receiver 

is turned on in this area gross errors in the TD-xX (Shoal Cove-Williams 
Lake) position line are likely to occur. These errors are probably 
attributable to acquiring skywave from Shoal Cove. To the west of Cape 
Beale, if cycle selection errors are made they are morelikely to be of 10 
or 20 microseconds in size and may be difficult for the navigator to detect. 


There is no significant change in the ability of a receiver to track any 
Loran-C signal anywhere within the test area at the approaches to Juan de 
Fuca ‘Strait. However, it has been shown that tracking ability does de- 

teriorate in rainy weather when other reception conditions are also poor. 


The deleterious effect of precipitation static on Loran-C cycle selection 
has been demonstrated. Similarly, the effect of increasing skywave inter- 
ference at twilight has been shown. Under both conditions there is a 
Significant decrease in the rate of successful acquisitions for an already 
weak transmission (such as experienced with the Shoal Cove signal in 

South Western British Columbia). 


Although no absolute envelope to cycle difference measurements were made, 
it can be said that: 


a. The envelope to cycle difference of the Shoal Cove transmission as 
measured at the approaches to Juan de Fuca Strait varied by almost 
+2 microseconds over a period of four days. 

b. Under poor reception conditions the Austron monitor cycle number for 
the Shoal Cove transmission increased 0.2 (2 microseconds) . 
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c. The Austron monitor cycle number for the Middleton transmission as 
received at the approaches to Juan de Fuca Strait is 0.15 (1.5 micro- 
seconds) higher than that of the other U.S. West Coast Chain 
stations. 


The cycle identification tests made in the Spring of 1977 and in the 
fall of 1978 indicate that the U.S. West Coast Chain provides slightly 
better cycle identification characteristics than the West Canadian Chain 
in South Western British Columbia. It is hoped that the new station to 
be established on Northern Vancouver Island will provide both good 
geometry and good cycle selection. 
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APPENDIX 1 


Commercial Receiver Specifications 
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APPENDIX 2 


Spring 1977 (Partzeau) 
Cycle Identification Data 


Descriptive Statistics 


44 


NOTATION: 

N = Number of Tests 

S = Number of Successes 

F = Number of Failures 

S/N = P = Proportion of Successes 

V pq = Std. Dev. of the Sample 

S(S) = Std. Dev. of S (# of Successes) 

S(P) = Std. Dev. of P (Proportion of Successes) 
Rx (1) =. Decca DL. 91 


Rx (2) 


Internav LC 204 
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Cycle Identification Tests 


Descriptive Statistics Tabulated by Area 


Area #h) Chart 3601 


Totals 
Time differences 


Shoal Cove 
George 


Receivers 


Rx (1) 
Rx (2) 


Filters* 


Notches In 
Notches Out 


* excluding data gathered in C.S. 


Area #2, Chart 3602 


Totals 


Time differences 
Shoal Cove 
George 


Receivers 


Ret) 
Rx (2) 


Filters 


Notches In 
Notches Out 


89 


She] 
89 


43 
46 


30 
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38 


38 
38 


£9 
ANB 


22 
16 


29 


O 


60 


27 
33 


S. 


a3 


LS 
10 


O.L7 
0.00 


Vector. 


Area #3, Chart 3603 


Totals 
Time differences 


Shoal Cove 
George 


Receivers 


Rx (1) 
Rx (2) 


Filters 


Notches In 
Notches Out 


Area #4, Chart 3604 


Totals 
Time differences 
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George 


Receivers 


Rx (1) 
Rx (2) 


Filters 
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Notches Out 


Area #5, Chart 3605 
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Time differences 
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2.0L 
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Area #6, Chart 3901 


Totals 
Time differences 


Shoal Cove 
George 


Receivers 


Rx (1) 
Rx (2) 


Filters 


Notches In 


Area #7, Chart 3902 


Totals 
Time differences 


Shoal Cove 
George 


Receivers 


Rx (1) 
Rx (2) 


Filters 
Notches In 
Notches Out 


Area #8, Chart 3802 


Totals 
Time differences 


Shoal Cove 
George 


Receivers 


Rx (1) 
Ret) 


Filters 


Notches In 
Notches Out 
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30 
33 


S/N 


S(P) 
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N > Se aay Vpq S(S) S(P) 


Area #9, Chart 3801 (N) 


Totals 22 is 9 0.59 0.49 PAS Ml 0.06 
Time differences 
Shoal Cove ae 20 2 0.92 0.29 1235 0.06 
George 22 13 9 0.59 0.49 eee | 0.10 
Receivers 
Rx (1) ae 2 9 0.18 O39 1.Ze 0 F2 
Rx (2) Et Lg (@) 1.00 0.00 0.00 0.00 
Filters 
Notches In 20 12 8 0.60 0.49 2:10 Oy PY 
Notches Out 2 ¥ 1 0.50 0.50 O: 72 0235 


Area #10, Chart #3801 (S) 


Totals 34 27 7 Ose2 0.40 Loo Us OF 


Time differences 


Shoal Cove 34 an 2 0.94 0.24 y ae 0.04 

George 34 28 6 0.82 0.38 geae Os07 
Receivers 

Rx (1) vibe La 4 0.76 0.42 1.75 0.10 

Rx (2) yg 14 3 One2 0.38 SS 0.09 
Filters 

Notches In 34 Zt i) 0.79 0.40 2.36 GO O4 


Areas #11 and 12%, 
Charts-3000;-G00Leand 3002 


Totals 60 52 8 Ono 0.34 2.00 0.04 


Time differences 


Shoal Cove 60 52 8 0.87 0.34 2.63 0.04 

George 60 56 4 0.93 O25 Leos 0.03 
Receivers 

Rx (1) 30 Zh 3 0.90 0.30 1. 64 Oo. OS 

Rx (2) 30 a5 5 0.83 ieee 2.04 OoO7 
Filters 

Notches In Ze 19 3 0.86 0.34 eG O26? 

Notches Out 38 33 5 Ou87 G234 2.08 O05 


* This data was collected between the north end of Vancouver Island and the 
two hundred mile limit. 
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APPENDIX 3 


Spring 1977 (Vector) 


Cycle Identification and Signal 


Characteristic Data 


California Buc. 
George Middleton Shoal Cove 
O cycle error 36 32 24 
1 cycle error a. 13 4 
2 cycle error 2 a 5 
3 cycle error i 14 7 
>4 cycle error af 4 6 
n S21 51 53 
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Cycle Identification Test Data, C.S.S. Vector 


Strait of Georgia 


Cycle Identification Tests, TD Error 


Number of Successes 


Receiver Area of Georgia Strait 


North South 


Internav 204 LO. (22) LO t22) 


Decca Diy ol 14 (22) 10) (22) 


24 (44) 20 (44) 


George 


53 
e) 


fe) 


53 


= 
20 (44) 


24 (44) 


Gain and Noise Data, C.S.S. Vector 
From a Calibrated Austron Monitor System 


Strait of Georgia 


U.S. and Canada West Coast Chains Gains and Noise Numbers 
Transformed into microvolts per metre and into DB 

Field Strength = 50 x 10+[(110-Gain #)/20] 

SNR(db) = 10.5 x 1 n (37/Noise #) (db above 1 uvolt/metre). 


The columns from left to right show the numbers for the Master and for the 
two secondaries of first the California Chain and then the British Columbia 
Chain. 


The upper number is the field strength and the lower number is signal to 
noise ratio. 


M wW X M x : 
Pat Bay 108 899 14092 397 4456 4456* 15811 
-24 38 -23 ut 1 26 

Haro Strait 1409 19905 629 4456 17741* 17741 
-4 38 -23 ¢) 38 38 

Gulf Islands | PNLesy Helse 12 354 4456 4456* 15811 
-19 31 -25 21 Ban 26 

Nanaimo 109 397 9976 141 2812 706 9976 
-15 38 -20 we 1 38 

ACO B.C.-X 354 11194 L58 998 719 7924 
-13 38 -20 -8 -28 38 

Dep. Nanaimo 397 8891 177 2812 100 9976 
-15 38 -21 38 -24 38 

N. Georgia Strait AD Lgl ZO09 281 3540 56 14092 
-6 38 -14 cn) -30 38 

Central Strait 998 14092 446 4456 Jin Na deste bak 
-5 38 -13 26 -36 38 

Lost B.C.-X 1119 14092 446 4456 eho Mors avak 
-2 38 -13 26 -36 38 

At Gibson's 998 11194 397 SLS5 500 11194 
-6 26 -14 14 -7 38 

Skywave 998 12559 354 31L55 £256 212559 
-10 38 -15 Ls 3 38 


*Implies not tracking third cycle. 
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APPENDIX 4 
TRIP REPORT, U's6eG.G.C.y fae 
reproduced here with kind permission of 


Cha t,.-R oF. Dugan, -.S.CaGe 


‘Note: Illustrationsfrom the original report have not been 
reproduced here. 


Le 
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28 November 1977 


I sailed aboard cGc FIR during the period 16 - 19 November 1977. 
Weather during the trip was good with clear skies and good visibility. 
The purpose of this trip was to examine the U.S. West Coast Loran-C 
Chain (Rate 9940) in Puget Sound, the Strait of Georgia and the Strait 
of Juan de Fuca, and the Canadian Chain (5990) off the coast of 
Vancouver, B.C. Mr. Norman Porter of the Marine and Electronics Aids 
Section, Canadian Coast Guard, Ottawa, and Mr. Bob Davis, Canadian 
Coast Guard, Vancouver, B.C. were aboard to observe the Candian West 
Coast Loran-C chain (5990) off the west coast of Vancouver. Both 
gentlemen were extremely helpful and contributed a great deal to the 
success of the tests. The cooperation of the officers and crew of 

FIR in the utilization of the vessel and providing navigation fix infor- 
mation is appreciated. 


The following is the itinerary of FIR during this trip: 


a. 11/16 0730 Underway enroute Admiralty Inlet. 

b. 11/16 1110 Alongside buoy "SB". 

c. 11/16 1125 Enroute Base Seattle to pick up relief for buoy "SB". 

d. 11/16 1500 Moored Base Seattle. 

e. 11/17 0700 Underway enroute Admiralty Inlet. 

££. LI/17 L025 Alongside bioy se’. 

g.- 11/17 1125 Relieved buoy "SB" enroute vicinity Vancouver, B.C. 
via Rosario Strait. 

h. 11/17 1430 Alongside buoy Rosario "16" to reset on station. 

i. 11/17 2025 Off Vancouver, ‘BIC Point ’*Colan 350° T=-7100 yds) 
enroute Strait of Juan de Fuca via Haro Strait. 

j- 11/18 0900 Strait of Juan de Fuca, alongside buoy "J" to 
install RACON. 

k. 11/18 1005 RACON installed, enroute point 35 miles west of Cape 
Beale. 

1. 11/18 1445 Reached point 35 miles west of Cape Beale enroute 
Base Seattle. 

m. 11/19 0645 Moored Base Seattle. 


The Loran-C equipment installed aboard FIR consisted to 2 Internav LC- 
204 receivers, one of which (Rcvr #1) was interfaced to an Epsco Model 
4050-10 Loran-C plotter, a Micrologic ML-200 receiver (Rcvr #3) anda 
Teledyne TDL-708 receiver (Rcvr #4). All receivers were installed on 
the rail on the starboard side of the flying bridge. The Epsco Plotter 
did not track the vessel's position accurately during the initial 

stages of the trip. While no erratic jumps were observed, it continual- 
ly lagged the vessel's position and was therefore discarded after the 
first leg of the trip. Failure to track properly is attributed to in- 
exact XY coefficients which were provided by the manufacturer. Comments 
on the individual receiver performance are provided below. 


9940 Tests 


a. Purpose. Rate 9940 has been observed in the District office since 
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the first station came on air. In the spring and early summer 1977, 
cycle selection problems were observed. In April 1977 a transit was 
made through the Strait of Juan de Fuca and cycle selection problems 
observed there were reported by Reference (a). At that time we 
understood that Fallon (ii) was transmitting a -1.5 usec ECD. M 

is now transmitting +0.1 usec ECD. From early summer 1977 to the 
present, no cycle selection problems have been observed in the 
District office and therefore observations in Puget Sound were 
necessary. In addition, the Canadian Communications station, CKN, 
moved in frequency from 110.75 Khz to 124 Khz in October 1977, and 
the reduction in interference to Loran-C was of interest. Finally, 
The Commandant, in reference (b), expressed interest in the possible 
re-configuration of rate 9940 and therefore verification that signals 
were usable in the Puget Sound area was deemed necessary. 


Area of Tests. As indicated in the itinerary, the tests covered 
Admiralty Inlet, Rosario Strait, Haro Strait, the Strait of Georgia 
and the Strait of Juan de Fuca. Actual test results will be broken 
down as follows: 


11/16 Puget Sound/Admiralty Inlet 
11/16 Puget Sound 
11/17 Puget Sound/Admiralty Inlet 
11/17 Admiralty Inlet/Rosario 
11/17 Rosario Strait/Strait of Georgia 
Livi.) Sure Lo oO. Georgia 
11718" Havo Strait/Strait, of Juan de Fuca 
11/18 Strait of Juan de Fuca 

Oo. 11/19 Entrance Strait of Juan de Fuca 
10. 11/19 Strait of Juan de Fuca/Admiralty Inlet 
11. 11/19 Admiralty Inlet and Puget Sound. 


OrNna ON BWN FE 


Test Procedure. The tests were conducted in the following manner. 
Originally I intended to use Receiver #1 and the plotter as the 
reference. Since no charts were available, the plotter position 
would provide a valuable reference. When the plotter failed to give 
an accurate position and Rcvr #2 was found to have some problems in 
the select position, I decided to use Rcvr #2 in the track position 
as the reference. In both cases, the reference receiver was locked 
on, and when all receivers agreed on the TD readout, the reference 
receiver was put into track. The remaining receivers were cycled, 
that is, turned off and then on after each TD was recorded. If the 
readout agreed with the reference receiver, correct cycle identifi- 
cation was established. If the TD was 10 or 20 usec high or low 
when compared with the reference, and all fault indicator lights 
were extinguished, incorrect cycle selection was assumed. If the 
receiver locked onto the skywave, or the fault indicator lights 
were lit, failure to lock-on was assumed. Readings were taken 
approximately every 20 minutes in areas 1 through 9, and every half 
hour in areas 10 and 11. The receivers were cycled 96 times during 
the test and 576 TD's were recorded. 
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Receiver Operation and Test Results 


1) Receiver #1 (LC 204) operation was normal throughout the trip. 
Notches were set on CKM at 76 Khz and 124 Khz. Spectrum as observed 
on Tektronix 7L13. Spectrum Analyzer was clean. Receiver #1 

(LC 204) was used as the reference in areas 1, 2, 3 and 4. The 
following table shows results for the other areas. 


Area # of Readings Correct Cycle 
5 16 16 
6 18 18 
7 22 D2 
8 14 14 
9 20 20 
10 OMe) a 
a1 LZ aw 
Total 124 124 
% 100 100 
2) Receiver #2 (LC 204). This receiver had an inoperative notch 


filter. The remaining notch was set on CKN at 124 Khz. Operation 
was normal for tests #1 and #2. However, during tests 3 and 4, it 
exhibited a heat problem and took a long period to lock in. The 
cover was removed and the receiver (in the track position) was used 
as the reference for the remainder of the trip. The receiver opera- 
ted normally when used as a reference except for one incident in the 
vicinity of Vancouver when the fault indicator lights came on and it 
jumped down 10 usec. It was then placed in the select position and 
immediately jumped up 10 usec. The indicator lights extinguished, 
and the receiver was put back into track. The following are the 
test results. 


Area # of Readings # tock Correct Incorrect Fail to Lock 
Cycle Cycle 
M Ww Xx MW MX 

a; 20 18 1 

2 6 6 

3 Pe: 19 2 L 

4 20 ly uf 2 
Total 68 60 4 @) 3 O z 

% 100 88.8 5 Sae® 4.4 @) dvs 
3) Receiver #3 (ML 200). This receiver operated irratically 


throughout the trip. When viewed on the spectrum analyzer, it 
appeared that it was picking up an 18 Khz signal whose amplitude was 
within 20 db of the Loran-C amplitude from LorSta George. This was 
assumed to be local pick-up onboard FIR since the spectrum was clean 
when operated before and after the trip in the District office. It 
was later determined that the interfering 18 Khz signal was actually 
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conduction through the power cable from the TDL-708 (Rcvr #4). 

I attribute the difficulties with receiver #3 to this intefering 
18 Khz signal. Enclosure (3) provides spectrum analyzer photos of 
the interference as seen on the ML 200. This interference dis- 
appeared when the TDL-708 was operated through an isolation trans- 
former. On a number of occasions, the receiver would display a 
warning light with a TD approximately 200-500 usec high. When it 
was cycled or jumped near the correct TD, it would then lock on. 
Notches were set as follows: One on CKN at 76 Khz; 2 on CKN at 
124 Khz; one on another signal between 124 and 130 Khz. Results of 
the tests are as follows: 


Area # of Readings # Lock Correct Incorrect Fail to Lock 
Cycle Cycle 
M Ww Xx MW MX 
ah 20 17 2 of 
2 6 6) 
3 Ze 2 A: 
4 20 19 ts 
5 16 10 2 4 
6 18 8 va 8 
7, 22 7 1 al 5 8 
8 14 10 2 2 
9 20 6 5 9 
10 22 7 6 9 
uN 12 9 1 i 
TOTAL 192 120 24 40 
% 100 62.4 263'*-0 De TIES 20.0 


4) Receiver #4 (TDL 708). This receiver has a wide bandwidth when 
compared to the LC 204. Unfortunately, the oscilloscope carried 
onboard failed. Therefore I was unable to set the notch filters 

on the interfering signals from CKN. The notches were set approxi- 
mately on 76 and 124 Khz, judging from the scale on the back of 

the case. It is apparent from the results that the notches were not 
set properly. In the Vancouver area (areas 4, 5, 6 and 7) where 

CKN is strong, the receiver was virtually useless. The TDL 708 is 

a frustrating receiver to operate. When it locks on the skywave as 
it did on eleven (11) occasions, and the operator is aware that it 
is on the skywave, there is nothing he can do but cycle the receiver. 
Each of the other receivers can be jumped ahead to the groundwave. 
Another feature which the TDL 708 lacks is the ability to set the 
receiver in the track position. Results of the tests are as 
follows: 


58 


Area # of Readings # Lock Correct Incorrect Fail to Lock 
Cycle Cycle 
M W Xx MW MX 
A 20 20 
2 6 6 
3 22 21 
4 20 12 1 3 4 
5 16 3 1 5 8 
6 18 6 1 3 8 
7 22 L2 a 3 1 5 
8 14 14 
) 20 LZ, 3 
10 22 14 I 3 4 
EL a2 ume: 
TOTAL 192 138 ue 7 i 32 
% 100 A Bi brag nS 2e6 7.8 L6.6 


Conclusions. Analysis of the test results leads to the conclusion 


that there are no signal strength or cycle selection problems with 


the Loran-C chain in Puget Sound in the areas transmitted. It also 
follows that in order to use the system, the receiver used must be 
operating properly with notch filters set correctly. 


Bi 5990 Tests 


Purpose. The purpose of this test was to determine if cycle selec- 


tion problems exist off the Canadian Coast. It was done at the 
request of the Canadian government. Although the message formally 
requesting it was never received in the 13th District, an informal 
request waS received via telephone. Enclosure (1) details problems 
the Canadians have had utilizing the chain in the area 35 miles 

west of Cape Beale. A survey was done by the Canadian Hydrographic 
Service in the spring of 1977 prior to the chain becoming opera- 
tional. The results of this survey showed that correct cycle 
selection in the area of interest was extremely poor. The receivers 
used locked on to the wrong cycle more than 40% of the time. Dis- 
cussions with 5990 COCO fail to reveal what ECD's the stations were 
transmitting at that time since each station was adjusting its pulse 
Shape independently. Currently the 9940 station ECD's are as 
follows: 


STATION TRANSMITTED ECD SEEN AT 
ECD ALERT BAY 
M 0 xo 
+58 gl 3) 


eed 


Area of Tests. The tests on rate 5990 were conducted in two sectors. 
The first sector was from a point one mile north of Waadah Island in 
The Strait of Juan de Fuca to a point 10 miles south of Cape Beale 
on Vancouver Island. The second sector was the point 10 miles south 
of Cape Beale to a point 35 miles west of Cape Beale. (Notice to 
Mariners #43 dated 10 Nov. 1977 warns that Mariners should exercise 
caution using 5990 from Cape Beale through the Strait of Juan de 
Fuca. ) 


Test Procedure. Test procedures used were identical to those used 
for rate 9940. Receiver #2 was used as the reference for these 
tests. In addition Since a chart was available, the Loran-C fixes 
were plotted along with visual and/or radar fixes. 


Receiver Operation and Test Results. 


1. Operation east of Cape Beale. The receivers were cycled nine 
times east of Cape Beale. All receivers locked on to the correct 
cycle for the MY pair on each attempt. Receiver #1 (LC 204) locked 
on to the correct X cycle in 7 cases and on to the X skywave 2 times. 
When it was on the skywave, it could be jumped down 30 usec and 
would then lock on to the groundwave. Receiver #3 (ML 200) locked 
on to the X skywave or failed to lock on in all nine attempts. 
Receiver #4 locked on to the skywave in 8 cases and failed to lock 
on inthe ninth. 


2. Operation west of Cape Beale. Each of the test receivers were 
cycled 19 times in this area. There were 114 TD's recorded. Each 
receiver in all 19 attempts, locked on to the correct cycle. The 
TD's were plotted and each fix fell within one-half mile of the 
vessel's visual/radar fix. Enclosure (2) is the chart on which the 
fixes are plotted. 


Conclusions 


1. Notice to Mariners #48 gives the proper precaution for naviga- 
ting using 5990 east of Cape Beale. However, it is possible to use 
this rate in this area if a sensitive receiver is used, and if the 
operator recognizes the X skywave and jumps the receiver down to 
the groundwave. 


2. Operation of the Rate 5990 west of Cape Beale is outstanding. 
Signals are strong from all stations and there are no cycle 
selection problems. Even with marginal receivers (ML 200), correct 
cycle selection can be expected. 


3. The failure of the Canadian Hydrographic Service to achieve good 
cycle selection was probably due to the fact that the transmitted 


ECD's were not being controlled when the survey was taken. 


Recommendations. In view of the poor publicity and legal aspects of 


the Loran-C chain accuracy in the area west of Cape Beale, I recommend 


that the Canadian government be advised to conduct another survey in 
that area. 
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APPENDIX 5 


Autumh 1978 (Partzeau) 


Cycle Identification Data 


Descriptive Statistics 


NOTATION 
First Summary Array 


Column # 


Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 


of 
OL 
of 
of 
of 
of 
of 
oF 
of 
of 
Or 
ohm 
of 
On 
of 
Of, 
of 
of 
of 
of 
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tests in which the signal was 
tests in which the signal was 
tests in which the signal was 
tests in which the signal was 
tests in which the signal was 
Successful TD-X(W) Acquisitions. 

Acquisitions. 


Unsuccessful TD-X(W) 
TD-X(W) Acquisitions 
TD-X(W) Acquisitions 
TD-X(W) Acquisitions 
TD-X(W) Acquisitions 


in error 
in error 
in error 
in error 


acauired within 


acquired 


by > 
by + 
Dy + 
by 


Successful TD-Y(X) Acquisitions. 
Acquisitions. 


Unsuccessful TD-Y (xX) 
TD-Y(X) Acquisitions 
TD-Y(X) Acquisitions 
TD-Y(X) Acquisitions 
TD-Y(X) Acquisitions 


in error 
in error 
in error 
in error 


Successful Tracking Tests. 
Successful Acquisition Tests, both 


Potentially Hazardous Test Results. 
Row 1 = G.R.I., Rows 2,3,4 = Cycle Nos., Master, X(W), Y(X), 


by - 
by + 
by + 
Dy 


10 
10 
20 
20 


10 
10 
20 
20 


WEetnin “LO 
acquired within 15 
acquired within 20 
acquired within >20 


microsecs. 
microsecs. 
microsecs. 
microsecs. 


microsecs. 
microsecs. 
microsecs. 
microsecs. 


J Nel Bee 


Row 5 = # Tests per receiver, Row 6 = Total # of Tests. 


Time Statistics Array 


Column # 


ONoO UPB WD FE 


iO 


Average Time to Acquire. 
Average Time to Acquire Standard Deviation. 


Proportion 
Proportion 
Proportion 
Proportion 
Proportion 
Proportion 
Proportion 
Proportion 
Proportion 
Proportion 


Note: 


taking < 5 mins. 


taking < 5 mins. Standard 


taking <10 mins. 


taking <10 mins. Standard 


taking <15 mins. 


taking <15 mins. Standard 


taking <20 mins. 


taking <20 mins. Standard 


taking >20 mins. 


taking >20 mins. Standard 


Deviation. 


Deviation. 


Deviation. 


Deviation. 


Deviation. 


U.S. West Coast Chain secondaries given in 
parentheses. 


min. 
min. 
min. 
min. 
min. 


63 


X and Y Secondary Statistics Arrays 


for=U.Se WeSt Coast “Chain, “let X = W and Y = X. 


Column # 
1 Proportion of Successful Acquisitions. 
2 Proportion of Successful Acquisitions Standard Deviation. 
3 Proportion of Unsuccessful Acquisitions. 
4 Proportion of Unsuccessful Acquisitions Standard Deviation. 
5 Proportion of Acquisitions in Error by - 10 microseconds. 
6 Proportion (Std. Dev.) 
7 Proportion + 10 microseconds. 
8 Proportion (Std. Dev.) 
9 Proportion + 20 microseconds. 
10 Proportion (Std. Dev.) 
1 Proportion > 20 microseconds. 
Ie, Proportion (Std. Dev.) 


Track and Total Statistics Array 


Column # 
1 Proportion of Successful Tracking Tests. 
2 Proportion Standard Deviation. 
3 Proportion of Successful Acquisitions Tests, Both T.D.'s. 
4 Proportion Standard Deviation. 
5 Proportion of Potentially Hazardous Test Results. 
6 Proportion Standard Deviation. 


4 


70 °O0 


80°90 


00°0 


80°0 


00°0 


00°0 


cl 


to 0 
80 °0 
00°90 
80 °O 
00 °0 
00°O 


tt 


00°066S 


Te 


90-0 Gb 0 
se 8 OS 0 
Wes Pe 3, 9 
id AY lh oe Me fess 
BOF US FOO gO 
View ey 
6 
oe. fee 
Gr BU) Une Ep ae C 
etm 2 o2 
Forte Le 
6 ao or 10 
Cue Gees Etat 
Oo Gite Oe oLek 


9ze AWT 


0 


9 St 


{ 


80 °0O 


0 


OT 


G 


Viz tt 


as 0 eRe ae Saat 

B00 80 U 

Cup™ aco 

GT 20" oe 0 

SL e0r 93S °R) 

Gl cOS s0S-"0 
a 


OS 


OT 


cl 


SOTQSTRILIS JUTL 


oe it 


GeO 


ii 


te t= 6 


NIVHO NYIAGVNWO 


LS dM 


VE < 


STVATIN9IN TW 
20006 °I'L 

(2) are 
T61d eo0eq 
EZ[ ABPUTSRUT 
pOZ AePUIZSzUT 


# uWwN TOO 


SISATSOON TTY 
20005°I°uL 
(OGG 2S 
T6Ta e050q 
€ZT Aeburs {UI 
pOZ AeuUrTSRUI 


# UUNTOO 


65 


y0°O 


La 


000 


B0- 0 


80°0O 


00°) 


$0°*0 
Lic?) 


00°0 


6-20) 


Cit 00 Oe SO et Ee 
BESO. AGO. VOI “Gh G0 EEO 
p670 O06 0040 [b20.- EL o> 110 
OG70 Ue eo «Ft. Se CO 6 EL 0 
Qa) 0070 0070 -00 2) .-0040°° 00%) 
gor 0070 0020-" Lt Oo £E-0 * TT 0 
ie 9 S P 5 c 
3913813235 ATepuossas-xHZ 
COCO. CE0S8-4S0*G-490=0""LL°0 =90"0 
G0 > 00-0. 00.0 00-0 00° 1-000 
0020 00.0 = 00.0 Pio £00 yt 0 
O00, 80-0. -380°0 80°50-— cS "0 80 8 
SO=0 980-05) BUD = Ft 07 09-0. el 0 
BOSS e020 Por Sb OF ao US fo 
L 9 S 4 € é 


S2919S8T3e45 AIEpUDDA|S -xX 


97€ AVG - NIVHO NWICYNWO LSdM 


Eeo0 


EWA? 


ee 0 


££ 0 


SISATOO94Y TIV 
P0006" I' I 
(oO). a> S 
T6Td Bo999 
€EZT AcuraqUI 
pOZ APUITDIUT 


# uUYNTIO 


SISAT3IO9N TITW 
20005°I°L 
(2) 1S 
T61d 29994 

€ZT AeurTaqUT 
pOZ AeuUISIUI 


# uYyNTOO 


66 


$0°0 


ey) 
00°0 


SG @°0 


Same 
00°0 


S0°0 


00°0 
eianU 


GE°0 


00°0 
OU 


EQ°0 
= 0 
Sch 0 


SOTZSI3¥EIYS Te2IOL FY yoeay, 


9zZ7€ AVG - NIVHO NVIGVNWO LSdM 


ae Man) 


Sc 0 
0S°0 


SIVATIOSY TIv 
20006°I°L 
(o)°a°u’s 
T61d eo5aqg 
€ZT AeUTaQUT 
OZ A2UTSRUT 


# UN TOD 


67 


O0-STT 
00°? 
v6°C 
Be 
86°C 
00°066S 


ce 


vO°O 
OT°O 
60°0 
60°0 
00°0 
OT°O 


OT 


68 
al 
EL 
20 
Ee 
6T 


8T 


Ll 


BL ST 


Lot. AVL, = 


v0 °O 


tila te 


POD. ae 

OO Oe 0 

Od °O= 6k 0 

90 0.6020 

Of 0. 6828 

vO 0 808 
€ 


SOTYSTIZCRS OUT 


COLCEPE 27h 
Cao YOO 
6. -/ 0.421 
Ee ~ ie 
to Oy “O.g if 
Gigi, “5 a 
Clo Tek Of 6 


NIVHO NVWIGWNWO JLSdM 


N 


ur) 


ee 6 


vec 


SISATSI0N9Y TIv 
20006 ° I'L 
(9)°arars 
TeéTd eo909q 
€ZIT AeuraqurL 
vOZ AeUTAazUT 


# uun TOD 


SITVATIOIY Tv 
20006 °I'L 
GS). WARS 
T6Id e09aq 
€ZI ACUITSQUI 
pozZ AeUTS{UT 


# uid TOD 


68 


oO) 90 0 00°00. Gbs0 2610 20 o hRirD wslt0i20) arc Ory COO 60°O €0°0O 06°90) STSATOSOSY TV 


vo 0 FOO 660 OD, Oe 6D 0 40070 60 0 gro yO wOW BOO 896 TO 20000°I°L 
SO OE 0 te OD G00 0 6000 6600 «6000 6ceeO0 YO 6 CSO DD 6S (3) sara 
vO Corr 0 0 0. 0D) 20 DOW 070 POM 0D wm 10 won i656 a T61qG e959 
Ot Coote 00 U0 0 070 00750 4070 10070. OOO WOM WD 0 SI ect APCUTSUT 
Veeveeee 0 OCU, DOD v0 WOOD O40 W0"0 £00 - #£97°0O B00 #8270 pO? APUASRUT 
ct vi OT 6 8 & 9 S v € 4 G # UWUINTOO 


eo UleGt sh 10.0" TO 0° €0°0 £0°0~ €0 On, S0rUasv0gesTic’O FOO TL°O STSATIIOSY TTY 

60°0. Pee Vie Ors OU 0500070 00-0 Ce -0 th-0- ¢<3°O [fh "0 88" 0 20006°I°L 

Peete rr oe 00 o 900) fo 0 £08 0070 0970 goo BW7O 88°76 cet ri" G6a2s 

OP eu Oc “00°00 GO°O 00°0 00°) 00°00 00°90 OF 0 O06°0 @GQBL@ 8°00 T6Td P9990 
OOO s00505 00°0 00°00 80°00 20°O 00° 00°00 80°09 80° FO°S 3e.0 €cT AeUTSUT 
0) 66 Or mF 6 UO OO: C80 m6 COO: 608 CBE 6H hCUOE SO OSE vO? ACUTSUT 
cil UT OT 6 8 L 9 S v € Cc T # UWNTID 


SIT9S1T329S AAT2puodas -xX 


LZE AWG - NIVWHO NVICWNWO LSdM 


69 


{0°05 Bt Oy PO Os 29-0, 20° OQ. 460 SITSATIOSY TTY 


Pie 00.0 sis 0 age O01 08-09" 6 20006°I'L 
yO°.O 70°O OO OL )D,60-0 2250 to} "ar ars 
vO°0 o 70° 0 « 0T'O 5S9°O = 01°70 .0L-0 T61qd eo9eq 
V0" 0s5 0 "054 20° Ors 96 “Oe, 00 On OO TE €ct AePUIS}UT 

oO O50 9 Ong Tt Oy ¢ OS “Onn SOO; s BE" O pO¢ ASUIIIUT 
9 S 4 t c if # UWN TOD 


SOT3ST3e3S Te}OL ¥ YORIL 


L7€ AWA - NIVHO NWICWNWO LSaM 


7a 


00°90 


00°0 


00°0 


00°O 


00°90 


00°0 


rah 


00°90 


00°0 


00°0 


00°0O 


00°O 


00°0 


1 | 


00°SOT 
PO =i 
r6 2 
ets 
36°C 


00°066S 


te 


8S 


eo 


2! 


SC AMS 


70 °O 


Des 1 


it Sig SL 


SO G0 


al 


€6 


8T 


O02 


9T 


Te 


8T 


ce 


OL 


8T 


eT 


TT 


NIWHO NVIGWNWO JSAM 


08 


6T 


ive) 


8h 92 


Seg Lf 


Com 
re 
os) 


Ode Tf 


SISATIOSY TIV 
20006.- Ib 
(2)- dsa58 
T61d eo00q 
€Z[.- Aeuloqur 
poz AeUTSRUT 


# UUIN TOD 


SI SAT SOON . TLV 
20006 °I°L 
(Dis G4u.S 
T61q 2990q 
€ZT AeurdS UI 
poz AeurSaUI 


# uun TOD 


pes 


€0°0 
LO° 0 
90°90 
60°0 
00°O 
eo 


cl 


80 °0 
OT °O 
00°90 
6T “0 
00°9 
OE." 6 


Tt 


L9°0 


98°0 


00°90 
00°90 
00°0 
00°0 
00°0 
00°0 


OT 


S6°O 


p0°O 


Gu-G 


00 °0 


00 °0 


E04 


G00 Ose OT EO. 20°90 


p00 ~000- 00 0 00°90  -S0°0 


BO G2" G00 38076 —. SC “Gee 
eo: -S0-O £0 Dy 05°00 U6 
g0°G 90°09 80°04 98°0 E 
g6°@ 90°O, 6005.19 °0 6 
£02 01-8. Us 3r 0 - 


60 0+ 000 61°00. 9£°0 ~ 8 


\o 
uy) 
be 
~ 


sotyst}zeys ATepudd3s-xX 


8ZE AWG - NIWHO NVICWNWO JSdM 


nc 


0°O 


0°0 


SISATSO9Y TIv 
20006 ° I'L 

Coy aS 
I61a 29990 


€Z7T AeuIASqUI 


poZ AeurTSAUI 


# UWIN TOO 


SI9ATSOOY TTW 
20006°I°L 
(Hea ans 
T6lad e003d 
€ZtT Aeud = 20m i 
poz AeUuUIS AUT 


# mun TOO 


Ee 


BO ee 0 te ep Ue Us 180 


SOTIST}IEIS TeIOL ¥ YOLAL 


8Z€ AVG - NIWHO NVIGWNWO JSdHM 


SI IAT INI Ety 
20006°I°L 

G2) tagle fea: hes) 
T6q1q eo0eq 
EZ[T AeCuUITSIUI 
pOZ AeUuUrTAa {UI 


# UWNTOD 


73 


00°0 
00°0 
00°0 
00°0 
00°0 
00°0 


Gk 


00°0 
00°0 
00°0 
00°0 
00°0 
00°0 


LL 


00°O02T 
00°? 
v6 °C 
b6°C 

86 °2 
00°066S 


t<¢ 


vO~O 
0T°*0 
80°0 
L0°0 
00°0 
80°0O 


OT 


Se=S6 


S6 


vt 


8T 


E 


A 


EC 


8T 


6ce AVA 


ET 


0 


Pea 


T 


cite? 


Lt we 


Finct, 


S050 Reno” PU Oe Ge 20 


U040 1730 “GEs0- 9P#0 


SOTQSTIeIS AUT] 


CIAGE SG = LER = PEL 0 


OCG & By el, ¥ Ess SIG BRO 
CLI Get Rk OD SE PED 
VEuO ST BE AO SOTHRISS 
VCHG SE HE AT HO ASTRO 
GCHO HE nA FE RS AEOTHO 


€Enhtn0In& 98 36.49 “0S 


NIVHO NVIGWNWD LSM 


€~ 


UT 


St 


TSU 


SI9AT399N94 ITy 
20006° I'L 

(3) "a2e5g 
T61T1q e89993q 
EZT APUTSIUT 
vOZ APUTaqUT 


# uuwnTo9 


SISATIO3ZY TIv 
20006° I'd 
(O)"a*ues 
T61d eo5aq 
€ZT AeuUIS\UT 
pOZ APUTAQUT 


# UwN TOD 


74 


c0°O 


L£0°0 


90°90 


00°) 


00°0 


00°0 


cl 


v0°0 


2 hee ft 


80 °0O 


00°0 


00°O 


00°0 


pe 


a Sie 


00°9 


00°90 


00°0 


00°0 


00°0 


b0 20 


OT 


00 °0 


€0°0 


eho hoae) 


POs 0) 


pei et! See ae): 
00 °DO. +2000 
00-0. -00;70 
00 “0.<-00°0 
00 0 .-08°0 
yO°O.-70 0 
L 9 
Os eee 
80°O 0°.0 
et 0. 0050 
-t. 0 e006 0 
80.0 «70-0 
v0°O 900 
L 2 


Ce Use el e060 
¥OgR- 80-0 L100 80°°0 
09° 0g 99° 0, 8H Op 90 0 
00°0e 08 Oe+08 0s 09 0 
08°00, O09 °Og700 05 00°) 
VO Om 9020 a 80 0¢ 90°0 
S v € é 
35492895 Arepuoces-=7z 
BU 0 V0" 0) 9b *0 BO .8 
VO. Oss Ola pe £9 °O 045,80 
D0°0 60°0 62°00 6050 
0050 gD ig 0 gx ry0 ¢O eo 
V0.0 960g 0-s5.72g0 96.050 
S050 2800 0.gd.ca0 © 8080 
S v € A 


SOT3ST3e29S5 ATepUDdsS-xX 


6ce AWG - NIWHO NVICVNWO LSM 


26 0 


LL--O 


SIOATSOON [Ty 
200065 °I° 1 

(2) DG54N"* Ss 
T61d e999q 

€ 2 Ponwkewis3 ul 
POZ APSUTSZUT 


# WUNTOO 


SISATIO9Y [Tw 
P0006° I'd 

(Oyu 150° S 
T6110 P9997 
€ZT AeuUTAazUT 
pOZ AeUrAaRUT 


# UUNTIO 


fds) 


SOT3ST}CIS [TEIOL ¥ YOCIL 


6ZE AVG - NIWHO NVIGVNWO LSaM 


SISATIOAY TIV 


20006°I°1L 
(o)°aru’s 
T61Td Po 997 
€ZT AeuUTAaqUT 


vOZ AeUITAaUT 


# uwNn TOO 


76 


00°0 


90°0 


00°0 


00°0 


fb 
00°0066 


LG 


L050 


4 


9 


ve 


OT 


pt 


T 


po-6 hb wr et 


9Zc AVA 


0 


Rigen! 


0 


‘noe 


PAccc 


9 


T 


0 


1 


ce LL wot 6 


NIVHOD DSVOO LSdik 


Oa G 


poe it 


9” 


OT 


At 


uy) 


LG & 


OT O 


ig © 


SISATSOOd [TV 
20006 ° I'L 
(2D) 24 2 § 
T6Td 290990 
€ZT AeUISQUT 


pOZ APUIO2RUT 


# uuwN TOO 


SISATIOOY [TV 
20006° I'L 

(2) ie Ss 
T61d eooaq 
€ZT AeuzTaqUI 
pOZ AeUuUrTSIUI 


# uwgn—[29 


he 


u) 
uw) 
Cc 


ane) 


9ce AVG 


> SES a ee: 3 pels a ed eS 


uy 
t 
(a) 
NS 


SOSTFYST ICIS AAepuoo|ss—Z 


ihe GU A SU OT SD 

2G Se = ts Fe GE ae 

ee UN Cie ee Pa 

“0 00-0 60 6-60-90 ~5 050) 

“2 00°70) 00-0 0070 ~ 0000 

tee te eee Chee eer Ct ae) 
S 4 s c 


391935193235 ATepUuod|a3'~X 


NIVHO LSWOO LSAM “S°N 


SISATSI9ON TTV 


(9) acts 
T67d e99093d 
EZI AeuUIaQUT 
pOZ ABUIA4UT 


# UMN TOO 


SITSATIIOIY TLV 
20006° T° 
(o)° a aes 
T61G eBo90q 
€ZT AbuUTdSUT 
70Z ALUTASUT 


# UUNTOD 


78 


SOCISTIEIS [B30L 3 AvesL 


9z€ AWd - NIWHO LSWOO LSAM °S°O 


SISATIDRY TIV 
2®0006° IL 

(O) G3" 5 
T67Td 295990 
€ZT AeUIAaRzUI 
yOZ AeuUTSzUT 


# ulin TOO 


79 


00°OTT 


cO°e 
00°0766 


Le 


Chee (OSS Ok 0 


Gc SS Gree Gee 


Ting =fe ht Gi 


See Gt Ole te USC 


% 


ca 


c 


S 


Oza od. 8.1, Ge rote we Tet 


LY DS Be 


(oe: 


GT 


Aa 


OT 


T 


LE 


Sa San 


O20 


OT 6 


NIWHD ISWOO LSA 


EG°O 8070 

Sole S00 

1 0. ct 0 

s0-0- S00 

00°0 00°0 

OOO 00 °0 
v € 


tes 65-06 5 
Cis SEO 
Os LF 
Ge. 61. 0 
ney te 0 
ETC «Si ¥ 
ey Sa Lee: 
“3°49 


9E 6 


SISATSIORN TIV 
20006°I°L 
ya as 
T61d eo00eq 
€ZT ACUTSRUT 
pOZ AeuUTaIUI 


4% UuWIN TOD 


SISATIOSY TV 
20006°I'L 

CoP Ga S 
T6Td 20900 
€ZT AeuUISRUI 
yOZ AeUTASaAUI 


# un TO) 


80 


ted 
0S °0 
Lf a0 
89°O 
SO 
S0°*O 


at 


00°0 
00°90 
00°0 
00°0 
00°0 
00°0 


OT 


tO 0 


00°0 


50-0 


c0 °0 


L0°0 


v0°0 


yt °O 


00°90 


oo 20 


Lee ANG = 


SUE RD ha ab eee ad ons ed et ee 


Et BX ang 5 hie Eos 3 pes § gee By Ba § ees sn) Oe 


G0 = 036020 — 80.0 —28 0 shu) 


e070, F900 70") LT 0GGru 8 


391387T3e9S AI2@puddgS -X 


NIWHO LSWOO LSM °*S°N 


SISATSOOY TIV 
20006°I° IL 

(2) eS 
T6710 P9990 
€ZT AeurayUT 
pOZ ACUTSIUT 


# uUUNTOD 


SIS9ATIONN TIV 
20006°I°L 

Lo} Ga" Ss 
T61q eo0e0q 
€ZT AePUTSRZUT 
pOZ AeCUISRUT 


# uwNn Tod 


81 


Ne) 
ie) 
by 


69-7: - 700 - 69 0 


SObISTqeIAS [21h 2 39224 


Lee AWG 


NIVHO LSWOO LSHM *S°N 


SISATIO3NY TIv 
20006°I°L 
(o)°a°urs 
T6Td P9090 
ZT APUISIUT 
vyOZ ACUTSRUT 


# Uudin FOD 


82 


00°0O 


gu7 0 


00°0 


00°O 


00°0 


00°0 


ut 


00°0 
0070 
00°0 
00°0O 
00°0 
00°9O 


El 


OU. OLE 
ahi ear 
ott 

86 °C 
00° 
00°006 


fe 


SOU 


ce) 


OT*O 


1S Geet 


5u°0 


tie 


OT 


2G. cs 


a ae 


oh Ears 


v0 °O 


00 °O 


QO” 3 


Biers t 


AW = 


heels 


VLeE 


VOU ct 
90° 36020 

G0 OS ed) 

SU eer 0 

OL O° “fi 

Cee lest 
9 S 


Gee. 


8T 


vt 


cl 


of as 
S 90 Ff 
eso peek! 
202 =0 
Cee aa 
5 ee) ee 
El ESS 


NIVHO LSVYOO LSAM 


C00" VO 0 

UO. 00-0 
80-0 Sl v 

005.00: 0 

00-0 0D 9 

00 ¢- 00-0 
v € 


L266. 92 
Cero 2 CLL O 
Ores SE Te 0 
Vash A eO 
dare ot 8 
ves et 
2M frees me 


eh 


6f 


Uf 


it 


aC 


Loew 


SI@9ATSO9Y [TV 
20005 °I°L 

os) pak s Gets eS: 
T61a eooeq 
€ZT Aaeuzajul 
pOZ APUISRUTL 


# uWNTOO 


SIOAT 309 TW 
e0006°I'd 
(o\itarcess 
T6éId eo0eq 
ezT AvuIaqUuT 
pOZ AeUITSIUT 


# uuNTOD 


83 


70°*0 
LS iar 
At aes 
Ete 
S@°O 
00°0 


er 


06. °0 
Ty°O 
re 0 
Tyo 
S0°O 
00°0 


Tl 


9E °O 
ec Oo 
ee 0 


£250 


00°0 
Go" 0 
00°90 
00°90 
00°0 
00°0 


OT 


20-0 


90 °9 


80 °0 


90 °0 


vr *O 


6G £0 4040 

(8) a8 Soe 

S0°O0>s-S0°0 

GO COee OO | 

S$0°O S0°0 

SOO 7450 0 
9 S 


Cafe =o 0 =) 

LO tp 

00°O 00°0 
00°O 00°9 

0G°D? 90°0 
80°O 8T°0 
9 S 


Fe. 0 


TO 


FLO 


SOT3813e35 Azdepuodas-yx 


8ZE AVG - NIWHO LSVOO LSM *S°N 


69°0O 
SS; 0 
oe 


ce--8 


SISATSN9Y [Iv 
20000 I'L 

2 Baal fuel: Sa 
T67Td eoD0q 
E€ZE ACUTSQUT 
pOZ AeCuTa ut 


# uuwNnTOD 


SITVSATIOSY TLV 
20006 ° I'L 

CO} das 
T61a edDeq 
€ZT AePUTSRUI 
pOZ APCUITSRUT 


# uUNTOO 


84 


ik a as Sars 6 a 8 is 8 a 2 ee 8 a a aed 


G70) “bet - ble 0 SV Or Br 89 0 


SOTZSTIEIS TeIOL F AOeAL 


8zZe€ AWG - NIWHO LSWOO LSAM °*S°N 


SISATSO9Y4 [TV 
20006°I'L 
ba) 0° 2°S 
161d e00eq 
€ZT APUT9SUI 
pOZ APUI2ZIUTI 


# UWN TOD 


85 


COSO LT 


00° 0766 


UC 


v 


4 arg i Wea a Oy ae 4 


2) 


Oo) 


Sy 


yoo 


af 


ome ak 


AVA 


oO 


c 


™N 


SU 


OT” 


389 


£e 


a 


Gx 


Os ee a ete Colle Cie OK 0 


Dn 28a D 200K) 1» 00a 8 


SIIISTACIS. auty 


| as oes ee es a eee 


Blin UnG nS AG AD cS 


LovVO Loa. $° 0 


SITVATSOSY [TLV 
20005. Teh 
(2)6 f° f° Ss 
169d, ©s50q 
€ZIT AeUTSqUT 
pOZ APUASIUI 


# UN TOD 


SISATIOSY TIwv 
20005°I°L 

Be) P54 be: Oa> 
I677 209aq 
EZT APUTAa\{UT 
pOZ AVUISIUT 


4 uun[od 


86 


Eo U 


6S °0 


ee U 


oe) 


S0° 0 


Pi 


it 


$0 °0 


OU. Le = 6 


oT Ones as 0D Un Ug Um cb Us ed 


Sot43t3845 


AI 2Puoda3i-R 


66 20" 0 20NS 0 eee ee CO” eh 


7708 aS 0 Ue US 0 Or yt 2) 7g0S (0° aeRO 


OO (Orc aS 0 10k 0 108280 205848 T° 0, 3800 


00 20% £90 10. 46 0 20480 0268 EO aes 0 


00 10.2800 20) 2200 107400, £05409 0 40.0 0 


CO‘ Oigns O° 0 50 On £0, Oe a7 0, goa 


™~ 
ie) 
ie) 


SOT9S1T3e9S 


Az2pu0993 -X 


6ZE AWG - NIWHO LSvOO LSaM *S°n 


bes 0 


Z Saz0 


SI IAT IOI LTY¥ 
20006 I's 

(O) as 
T61q e990q 
CzT AVUTOTUT 
vOZ AeCUISUT 


# UUNTIO 


SISAT 900% TLV 
20006°1I°L 
(oh G- uo 
161d e900d 
€ZT AeUTAaUI 
yozZ AeuUI9azUT 


# UdATOD 


87 


SQTISTIERS FeI01L° 2 yoRIL 


6ce€ AWG - NIWHO LSWOO LSHM °S°N 


SISATIOIY LT lW 
P0006' I'L 
SVs 
T61qd eo9Eq 


€7T AeUTSRUT 


pOZ AeCUIT2ZRUT 


# UN TOD 


ed Soo 2o°0 


copa 1 08. gues af % €i*o am . £2°6 
ae tegeg “POT, the DEO are 

Songrae sap-ot eo 'g* 1 Pox £°b. te le 7 29g" 
ae I a. By-PE+By bOAY. ot. Bo 82: Bony 2 BOS, ven agal €2t ae 
“9. 50" “7° Go- 9.9, 29.0, ge ‘Ps: -§? Be -5e Bera £Sf, vagy aga roe shag. a : ~ 


gos a .0, Ef .0, 02.0 11.0, 22.9, | tesa saped 6 vaete2. oe 7 
0:0 BE.0 01.0 83-0.) 20.0 sSScPsoox. f5)- 0-8-8 San 
; cra [b.0 (6.0 £0 01.0 Se.0 © s000et:t | 

co ODy BEG. 30 -Ds $2 Op-29-0g -B9-2>-c paoyt sped, {18 g355:s208 ite 

60°0-.0t'O" Age So's SOO 10S O5°O ETO 9G'O engae rt oa 
65. 00°. .o8°o.- 50° 20-F-90°O 81 BOO TE {a o'ss : 

G00 $e W09°S 90RD. BOG -00°G_ 210, BOO. 2O°s em eas 

O57, 00°9. 00“d).00%@ -90"9 096 ig 07 90071 cht weaaeani 

j6°a .60'O. Sh°U GeO S0-F- 6 Oo. 80°0, 20'R 2 e0t seuteaul 

& ] & 9 ne £ rs ; § BAATIO 


89 


APPENDIX #6 


LORAN-C SIGNAL QUALITY DATA FOR JUAN de FUCA STRAIT 


COLLECTED IN U.S. (N.QO,A.A.) SHIP McARTHUR 


Figures 
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Introduction 


The United States Coast Guard and the National Ocean Survey made a 
Loran-C chart lattice calibration in the U.S. (N.O.A.A.) Ship McArthur 
(Cmdr. Jeffries) in Juan de Fuca Strait in early September 1978. The 
Loran-C lattice on chart 18400 for the U.S. West Coast Chain was calibrated 
to improve the accuracy for navigation and regulatory use. The Canadian 
Hydrographic Service participated in the operations in McArthur. An 
uncalibrated Austron 5000 Loran-C monitor receiver was placed in 
McArthur and gain, cycle and noise information was logged at the approaches 
to and within Juan de Fuca Strait for both the Canadian and the U.S. West 
Coast Chains. The Canadian Coast Guard and the Canadian Hydrographic 
Service provided logistics support when deploying Miniranger III precise 
positioning transponder stations on Vancouver Island. 


Data 
West Canadian Chain, X-Secondary (Shoal Cove) 


Figures A and B show the gain and cycle data for the X-Secondary 
transmission in Juan de Fuca Strait. Receiver gain is extremely high within 
Juan de Fuca, but falls appreciably as the observer moves away from the 
land, implying a recovery in field strength as the signal moves offshore. 
Cycle numbers observed vary from 2.75 to 3.29. The data outside Cape 
Flattery was collected on a fine day. The data within the strait was 
obtained under drizzly conditions. 


U.S. West Coast Chain, Master (Fallon) 


The gain numbers, for the 9940-Master transmission, which are shown 
in Figure C, are appreciably higher within Juan de Fuca Strait than outside 
Cape Flattery. It is possible some topographic affect on propagation over- 
comes direct attenuation with distance. The cycle number for the Fallon 
transmission ranges from 2.98 to 3.30 in this area. It appears also to 
display some underlying topographic effect since the cycle number decreases 
offshore. However most of the variation can be associated with change in 
the weather during the period of observations. 


U.S. West Coast Chain, W-Secondary (George) 


The cycle number for the George transmission has the predictably small 
range that is associated with a good strong signal (see Figure E). An 
interesting effect is the apparent decrease in cycle number in the centre of 
Juan de Fuca Strait and the increase in the number adjacent to the shore. 

It is possible that the increase in cycle number off Cape Alava is due to 
the topographic effect of the Olympic Mountains. 


U.S. West Coast Chain, X-Secondary (Middleton) 


The cycle number for the Middleton transmission of the U.S. West 
Coast Chain is shown in Figure F. It appears that any spatial pattern for 
this cycle number could also be associated with weather or time of day. 
The cycle number ranges from 3.02 to 323. 


Discussion 


Cycle numbers for each transmission are controlled from the trans- 
mitters within very close tolerances. For the most part, changes ih cycle 
number shown on the diagrams are much larger than any variations due to 
changes in E.C.D. at the transmitters. Therefore, any changes in observed 
cycle numbers can be attributed to, 


1) measurement error which is about +0.05 (+.5 microseconds), 
2) spatial propagation changes, and, 
3) weather or noise level changes. 
It is difficult to isolate spatial and temporal effects with one set of 


observations for the Straits of Juan de Fuca. However, it is interesting 
to note two points: 


1) The large range of the cycle number for the Middleton, Fallon 
and Shoal Cove transmissions; and, 


2) The possibility of some detectable topographic effects on 
Loran-C signal propagation in this area. 
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ABSTRACT 


The distribution of aquatic oligochaeta in some habitats 
of lower British Columbia. 
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INTRODUCTION 


. Aquatic oligochaeta have been collected around the Saanich 
peninsula and Victoria by the author and various students and assistants, 
including M. Austin, H.R. Baker, W. Carolsfeld, and P. Chapman. Other 
collections were donated by K. Coates and C. Levings and T. Northcote. 

Some of these were identified under contract by C. Low and some of the 
assistants listed above. The taxonomic findings have been documented elsewhere 
(Brinkhurst 1976, 1978, Brinkhurst and Baker 1979) but the more detailed 
distribution records may be of use in pollution surveys and so are set out 
here. 


Each collection is dealt with separately, with appropriate 
reference to more general ecological reports where they exist. 


DISTRIBUTION OF OLIGOCHAETA 


1. The freshwater systems of Greater Victoria. 

Most of this sampling was carried out by W. Carolsfeld in 
cooperation with:R. Langford (Aqua Sciences Consulting, Victoria). 
Collecting stations are illustrated in Figure 1, species distributions 
are indicated in Table l. 


These streams are dominated by pollution tolerant forms, 
stations 9 and 14 lacking other fauna altogether. Only at station 1 
was there much sign of a reasonably diverse fauna of oligochaetes. 


2. Samples from the Victoria Harbour system and Esquimalt Lagoon. H.R. Baker. 
; Sampling stations are illustrated on Fig. 1, numbers 24 on. 
The identifications are listed in Table 2. 


Some species in this collection are restricted to the innermost portion 
of the Gorge (I. apectinatus, T. nerthoides, L. monothecus) “but 

T. pseudogaster ranges further and L. verrucosus and L. victoriensis are 
found more or less throughout Victoria Harbour and the Gorge. The 
collection in Esquimalt Lagoon was disappointing. 


3. Samples from five local lakes in Victoria. W. Carolsfeld, M. Austin. 
Four of the lakes sampled are illustrated in Fig. 1. The 
species: found were: 


JAI ate LO 4 Elk Lake (E1) L. hoffmeisteri — abundant 
? I. templetoni (immature) 


Beaver Lake (B1-3) S. lacustris, N. communis/variabilis 


D. digitata TL, templetoni 


Swan Lake (S1) N. communis/variabilis - only 1 specimen. 
The lake is downstream of polluted 
station 14. 


Prospect. Lake (P1-2) L. hoffmeisteri, L.. profundicola, 
i. templetoni, s. ee 7D. digitata. 


Shawnigan Lake . vejdovskyanum, A. pigueti, N. communis/ 
‘aneaere Telmalodrilus sp. 


Samples from the Saanich peninsula’. W. Carolsfeld. 
Identifications are listed in Table 3, the locations are shown 
in -Figee2: 


The more interesting findings are those of the species thought 
to be spread by man from the tropics (B. sowerbyi) in the shallow 
eutrophic bay of Prospect Lake (1), and the interesting assemblage 
in the Airport Creek (6,7), which includes one record new for 
N. America (R. falciformis). Stations 3-5, 9 and 10 show every sign 
of organic pollution, that at the last two having been related to the 
Airport sewage discharge which is now connected to the S.D.W* at Sidney. 
Stations 11-12 support three brackish water species in a creek submerged 
at highest tides. 


Marine collection sites around Saanich peninsula . H.R. Baker. 
Identifications are listed in Table 4, stations are shown in 
Fie. 2) Cia venye 


The collections resemble those in Victoria Harbour. 


Collections listed in Levings et al. (1975) from B.C. estuaries, 
identified by C. Low. 

The oligochaetes were found in Porpoise Harbour, adjacent to the 
Skeena River estuary. The sites were identified by Levings et al. 
CLO 7S Eee eo): 


Identifications were as follows: Paranais litoralis and 
Tubificoides gabriellae were abundant, and were found at G4, G5 and 
quadrats 1-4, 7 and 8 as well as two other samples (label illegible). 
Monopylephorus irroratus was found at quadrat 2-3 and M. pacificus at 
quadrat 4. 


Collections listed by Levings and Coustalin (1975) from the banks in the 
Fraser River delta. 

The distribution of the three naidids and one tubificid found in 
plankton tows taken over Sturgeon Bank at high tide is shown in Fig. 3. 
The distribution of species observed in benthic samples is shown in 
Fig. 4. Most of the specimens of the naidids P. litoralis and P. frici 
and the tubificid T. gabriellae overlap, and these are concentrated 
mostly on either side of the Iona Island jetty and sewage outfall and 
the two jetties at Tsawwassen. The tubificid has the widest distribution, 
P. frici the narrowest. This same assemblage is found in the North Arm 
of the Fraser River until a point is reached at which the freshwater 
T. tubifex and L. hoffmeisteri replace them. The location of this change 
in fauna shifts | seasonally in response to the volume of freshwater in 
the river. 


Marine coastline collections by K. Coates. 

As these collections cover a wide geographic area, collection sites 
will be identified by map coordinates, the names being the nearest 
appropriate. Details are given in Table 5. No ecological inferences can 
be drawn from these observations. 


rp cy 
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Sewage Disposal Works 


Collections from the Fraser River by Northcote et al. (1976) identified 
by P. Chapman and W. Carolsfeld. 
Samples were obtained on four dates at fourteen stations from 
the seaward end of each of the four main channels (stations 1-4) to below 
Hope (14). All worms were examined unless there were more than 200 in 
a sample, at which point the first 200 were counted (Tables 6-9). 
The numbers on the tables refer to the sum of all replicates, the number 
of replicates examined by us being indicated. 


The August/September 1973 survey clearly shows the separation 
of the system into three sets of stations, 1-4 brackish water, 5-9 with 
several species of tubificids (with the largest numbers at 5) and the 
"upland" system above 9, which is above the influence of Vancouver. 
The presence of freshwater species at 1-4 at other times suggested the 
possibility of seasonal shifts in the fauna in relation to the seasonal 
river flow pattern that has now been borne out and will be reported 
elsewhere. 
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FIGURE LEGENDS 


Collecting stations in Greater Victoria, B.C. 
See data on Tables 1-2. 


Collecting stations on the Saanich peninsula , Vancouver Island. 
See data on Tables 3-4. 


Distribution of species in drift samples taken around the 
mouth of the North Arm, Fraser River, Vancouver, B.C. (from 
Levings and Coustalin 1975). 


Distribution of species on the delta of the Fraser River, 
Vancouver, B.C. (from Levings and Coustalin 1975). 


Table 1. Distribution of species at stations identified in Fig.1 (1-23). 
(numbers simply indicate relative abundance) 


Station Tubificidae Lumbriculidae Naididae 
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Table 2. Distribution of marine species of oligochaetes at stations 
identified in.Fig.1.(24 on). 


Station | Tubificidae | Naididae 
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Distribution of oligochaetes at stations illustrated in Fig.2 (1-13). 


Table 3. 


Naididae 


Tubificidae Lumbriculidae 
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Table 4. Distribution of marine species of OSligochaetes at stations 
illustrated in Fig.2 (14 on) 


Station Tubificidae 
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Table 5. Marine species collected around Vancouver Island by K. Coates 


Location Longitude Latitude Date Species 
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Table 2 (Continued) 


Location Longitude Latitude Date Species 
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Table 6. Distribution of aquatic oligochaetes in the lower Fraser River 
September/October 1972 


Station L 2 3 @ “Siete: 7 Gee pee eee, ci ke eee 
# replicates 4° ‘2 <A. t2O Rey 2 tree OC |) Orit ee aa 


Species 
LUMBRICULIDAE 


. hexatheca - = - - - - = i es ed: 3 a a is 


. heringianus - - 1 _ - - ~- - oe = aa = a = 


NAIDIDAE 
fraseri - - iL - 21 - 7 - 7 - See 9G eee Pe! - 


K 
8 


comata - - - =~ i re == ne un = = = m _ 
£rict 22 64> 25 - 6 - - *< < a = ee - 
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JH JH [4 
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Table 7. Distribution of aquatic oligochaetes in the lower Fraser River 
November 1972 


Station Ni 2 3 4 5 6 y 8 9 COV ess “is 24 
f Meplicgres © (2 “4 @2 YW Ww 2 2 4 pamate eyo NM | Ay 


Species 
LUMBRICULIDAE 


K. hexatheca - - ~ - = a es = am ro! = — = al 


Ss. heringianus — - - _ -_ 6 - Bes om = = = = 


NAIDIDAE 

fraseri CS ee ey Sal ee Reet, DOD 5. et Se Thy 
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Immature plus 
hair setae 
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Table 8. Distribution of aquatic oligochaetes in the lower Fraser River 
March/April 1973 


Station cy Be a 84 "Bo 6 ej a 10 pdigeic 13" 14 
# replicates 2 3 7 20 7 6 7 3 86 7 hoy 2 2 1 
Species 
LUMBRICULIDAE 
K. hexatheca = me - = ae os - = - - - - - 


S. heringianus - - ~ - of - 2 1 ri 4 2 ~ - 1 


NAIDIDAE 

fraseri me em DL ae LO te BI 4G eh 24 
comata 1 = - - - _ - = - - -- = 1 i 
wy a Ao LO or Le 2 - - - = - w= =.) oe a 


litoralis 91 - 39 - - - - - = ~ Es ~ am a 


behningi - - - - - ~ 2 - ~ - = Be: ee cs 
elinguis _ - - _ - = if - - - = cf = = 


communis - _ _ = = = an = « hz mE a = 


appendiculata _ _ - - Z ~ - - - 2 = ae = = 


serpentina ~ - - - Dy pe = = én me - - py a: 


TUBIFICIDAE 
hoffmeisteri ~ - 25 - 104 - 10 7 - 2 ~ - - ~ 
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Table 9. Distribution of aquatic 
August/September 1973 
Station jerva2 & 
* replicates. 8™ 6.7/3 

Species 

LUMBRICULIDAE 


K. hexatheca - - ~ 
Ss. heringianus - = - 
NAIDIDAE 
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Legs Wed NOTE Sie OM 
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Continued on Figure 2 


Prospect 
Lake 


station, no identified 
specimen or oligochaetes 


station with oligochaetes 
Colquitz River System 


Drainage Boundary arog 


Esquimalt 
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Figure 1 Collecting stations in Greater Victoria, B.C. 
See data on Tables 1-2 
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Figure 2 Collecting stations on the Saanich Peninsula, Vancouver Island. 
See data on Tables 3-4. 
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Figure 3 Distribution of species in drift samples taken around 
the mouth of the North Arm, Fraser River, Vancouver, B.C. 
(from Levings and Coustalin 1975). 
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ABSTRACT 


This report summarizes the progress and results of the 1977-1978 
studies contracted in support of Ocean Dumping legislation and reviews 


a workshop held for this purpose on September 14, 1978 at the Institute 
of Ocean Sciences, Patricia Bay, Sidney, B.C. 


Is GENERAL INTRODUCTION 


This report summarizes the progress and results of the 1977-1978 studies 
contracted in support of Ocean Dumping legislation and reviews a workshop 
held for this purpose on September 14, 1978 at the Institute of Ocean 
sciences, Patricia Bay, Sidney, B: C. 


The contracted studies examine the impact on the marine environment of 
two dredge spoil components: wood wastes and heavy metals. Alberni Inlet 
was chosen as the location for field studies for two basic reasons: it 
receives relatively few other wastes, and it has been studied intensively for 
its fisheries and for the environmental impact of a pulp mill and saw mills 
near its head. Alberni Inlet was also the focus of attention for 1976-77 
Ocean Dumping studies. The 1976-77 studies were general explorations. The 
1977-78 studies concentrated on the mechanisms by which wood wastes and 
heavy metals, as components of dredge spoil, affect the environment. 


Some studies are completed. Others are presented in the form of 
preliminary results. 


This year in the compilation of the workshop report an attempt was made 
to incorporate the group discussions, which followed the topic presentations, 
into the text. 


The wood wastes and heavy metals topics dealing specifically with 
Alberni Inlet are discussed in Sections III through V. Section VI covers 
heavy metals studies in both Alberni Inlet and Howe Sound. Section Viideals 
with heavy metal investigations in Victoria Harbour and Section VIII 
summarizes the future needs for other studies. A list of those in attendance 
at the workshop is given in Appendix I. Contracts for 1977-78 are summarized 


in Appendix II, and contracted studies for the 1978-79 period are summarized 
in Appendix III. . 


Some of the references cited here are manuscripts produced under 
contract, and are not available for distribution. For further information 
on Contract Reports IOSPB-CR -, and IOS Notes -, contact the listed 
Scientific Authority. Pacific Marine Science Reports are also unpublished 
Manuscripts, but are available for limited distribution from the Institute 
of Ocean Sciences, Patricia Bay. 


Wood Waste and Heavy Metal Studies 


The studies and their respective contracted consultants are as 


follows: 


LLL 


Lvs 


Vix 


Vin. 


VLE. 


The collection and analysis of seawater and undisturbed sediment 
cores in Alberni Inlet, B. C. (Chemex Labs Ltd.). 


A. Speaker: P. J. Doyle (Chemex Labs Ltd.) 
Metal profiles and sedimentation rates. 


Be. speaker: “RR. W. Macdonald (l.cGeoa) 
Oxygen profiles and flux. 


An oxygen budget study of the deep waters in the inner basin of 
Alberni Inlet (Dobrocky SEATECH Ltd.). 


Speaker: W. R. Buckingham (Dobrocky SEATECH Ltd.) 


Marine biological sampling and observations of temporal changes 
in benthic communities and benthic respiration at a dumpsite in 
Port Alberni (Beak Consultants Ltd., and Dobrocky SEATECH Ltd.). 


Speaker: Cy De_Levings. Core. se) 


An analytical support for a study of mercury biotransformation in 
anoxic estuarine sediments (Willis, Cunliffe, Tait & Co. Ltd.). 


Speaker: Js Avals Ehompsone chsO75.) 


The variability in analytical results on dredged spoils and marine 
sediment in connection with the validity of presently prescribed 
criteria (Chemex Labs Ltd.). 


Speaker: Re We Macdonald (l.0.5.) 


Possible areas for future Ocean Dumping research. 


Speaker: R. Aw W. Hoos” GEsbs55) 


II. SUMMARY AND CONCLUSION 


This report summarizes the progress and results of the 1977-1978 
studies contracted in support of Ocean Dumping legislation and reviews a 
workshop held for this purpose on September 14, 1978 at the Institute of 
Ocean Sciences, Patricia Bay, Sidney, British Columbia. 


Zinc, cadmium and mercury have been added to'Alberni Inlet sediments 
by human activity. Hg levels are’ just above background but the maximum zinc 
level is high. Pb levels are low. Oxygen profiles are consistent with 
the annual cycle, with oxygen levels decreasing progressively up inlet, 
presumably related to topography rather than dumpsite effects, with 
contributions from log booming and reduced circulation. The oxygen budget 
model still requires improvement. The encounter of surface tides with the 
sill at Sproat Narrows, or the shore at the head of the inlet, or 
both, produces an internal tide which, with the surface tide, produces large 
semi-diurnal oscillations of temperature and conductivity. 


Having established the distribution pattern of benthos in relation to 
the dumpsite reported last year, the seasonal variation in this pattern was 
investigated in the field year under review. Results of this study will be 
fully available next year, but it is apparent that the dumpsite itself 
contains fewer species and a lower biomass than control stations. The 
dumpsite is rapidly recolonized after dumping ceases, mainly by opportunistic 
species (Axinopstda serritcata, Capttella capitata, Dorvillea spp.). The 
highest number of species at the control site is found in winter to early 
spring. The large burrows noted in previous photographs appear to be 
inhabited by a large shrimp (Axtopsts sptnultcauda) which often plasters its 
burrow with sediments of high concentrations of heavy metals. While 
Alberni Inlet is a good location for a case study, the dumpsite seems to 
have a limited and acceptable impact. In methylation studies with 10 mg ke-! 
Hg 2+ added, a maximum production at 15 C occurred after 15 days; thereafter 
concentrations fell. At 5 C this same rapid initial increase was not 
observed. There are complications such as differences between autoclaved 
and formalin treated contents which still require explanation, but 
methylation rates below 5 are slow and are primarily dependent upon carbon 
concentrations. Methylmercury degradation is temperature dependent. The 
apparently high ambient methylmercury in Alberni in contrast to Howe Sound 
may reflect the elevated organic loadings in the former, which would 
encourage anaerobic biotransformation processes. 


In tests of variability of contaminant levels in dredge materials from 
Victoria Harbour elevated levels of mercury, cadmium, lead and possibly zinc 
were detected. The high cadmium levels were detected in the normal routine 
"permit" analyses. Problems in relation to the wording of the Ocean Dumping 
Regulations in connection with contaminant levels are obvious, and will be 
addressed in subsequent chemical studies. 


Future studies might be concentrated on: 


a) meaningful criteria for contaminant levels in the Canadian 
Regulations; 


b) 


c) 


d) 


the state of the environment at the Quarantine Buoy dumpsite 
OLi Victoria; 


further study of the mixing regime in Alberni Inlet, its internal 
tide and the oxygen budget, and 


other local issues such as a dumpsite for Prince Rupert, timing 
restrictions in the Fraser River and Burrard Inlet, beneficial 
uses for dredged materials or construction rubble, and the 
disposal of low-level radioactive wastes. 


ELt. THE COLLECTION AND ANALYSIS OF SEAWATER AND UNDISTURBED SEDIMENT 
CORES IN ALBERNI INLET, B. C. 


Introduction 


Three cruises to the area took place in November and December 1977, and 
February 1978. Two of the cruises were performed under contract to Chemex 
Labs Ltd. while the third was run by Ocean Chemistry personnel. The 
objectives of the study were threefold: to obtain box cores from which metal 
profiles, and then, sedimentation rate would be determined (reported here); 
to obtain vertical profiles of oxygen concentration; and, to measure oxygen 
flux into undisturbed sediments by using a Clark-type electrolytic B.O.D. 
system installed in the ship's laboratory (reported subsequently in Section 
TV).2 The box cores were taken during the November cruise: approximate 
sample site locations are given in Figure 1. Specific details concerning 
the box cores are found in this section. The salinity, temperature, and 
oxygen properties were examined during all three cruises and the results of 
these are covered in the following section concerned with mixing and oxygen 
budgets. The locations for these stations are shown on Figure 2. As can be 
seen, the water quality samples were obtained at a line of stations closely 
spaced and running through the dumpsite. A mini-fix system was used to 
establish stations on the same frame of reference during successive cruises 
with the accuracy of the system being + 5 m. 


Box Cores 


Sample collection and analysis 


Four cores, ranging in length from 24 to 91 cm, were obtained using a 
Soutar-Bruland box core sampler. Cores were quick-frozen and transported 
to Chemex Labs for analysis. Since no obvious layering was observed, sub- 
samples were taken after thawing, at regular intervals along the length of 
each core. Samples were dried at room temperature, pulverized and mixed. 
Cu, Pb, Zn, Cd and Fe were measured by conventional atomic absorption 
procedures after a hot HNO3-—HC10, digestion. Hg was measured by flameless 
atomic absorption after a H2S0,-KMn0,-KoS907 extraction. 


Results ': 


Results of duplicate analyses of individual samples are summarized 
graphically in Figures 3-6 (see Twaites et al., 1978). Three more or less 
distinct element groupings can be defined on the basis of metal profile 
characteristics: copper and iron; zinc, cadmium and mercury; and, lead. 


Copper and iron are distinguished by their essentially uniform 
distribution throughout the profiles examined. In the case of Fe, 
concentrations for all four cores typically range between only 3.0 and 4.0 
percent. Cu levels in individual cores also vary within relatively narrow 
limits: 80-90 ye gt for cores 1 and 2, and 45-65 ug g ! for cores 3 and 4. 


Concentrations of zinc, cadmium and mercury are characteristically 
somewhat enhanced in near-surface sediment. This trend can be observed in 
all cores, with the exception of core 2 which penetrated to a depth of only 
24 cm. Strongest anomalies occur in core 1, at a depth of 20-25 cm, where 
Zn, Cd and Hg values reach maxima of 342, 2.1 ug gal and 265 ng gol, 
respectively. Although values decrease progressively as the sediment surface 
is approached, concentrations in 0-2 cm material remain above local 
background as inferred from data for deepest sediment samples (30-60 cm depth 
range). For example, the Hg content of surface sediment of core 1, 105 
ng orbs is considerably higher than the values of 20-40 ng gal noted in 
samples from near the base of this core. 


Maxima for cores 3 and 4 are somewhat reduced and in the case of core 3, 
it occurs at a relatively shallow depth (10 cm). Furthermore values for Cd 
in core 3 and Zn in core 4 do not appear to fall significantly in the 
uppermost sediment layers. 


Lead is unique in that no consistent pattern can be distinguished. 
Values in core 1 are uniformly low ranging between 2 and 6 ug gi, 
Concentrations are somewhat higher (up to 16 ug gl) in cores 3 and 4. The 
trend for core 3 is bimodal in appearance with maxima at the surface and 
60-70 cm. In the case of core 3, Pb values increase more or less 
progressively from about 8 pg g~! near the base to 16 ug g7! at the top. 


Discussion 


Near-surface enrichment of Zn, Cd and Hg suggests that these elements 
have been introduced as a result of human activity. Although Hg 
concentrations in the uppermost sediment of the Inlet (maximum 265 ng g7}) 
are considerably above local background values (20-100 ng g~!) they are much 
lower than levels of up to several thousand ng gl reported in contaminated 
sediments.of Howe Sound (Macdonald and Wong, 1977) and Saguenay Fjord 
(Loring, 1975). The zinc maximum of 342 pg g~! noted in core 1, however, 
is considerably higher than the largest value (145 pg 2g!) noted by Loring 
(1976) for the Saguenay Fjord. 


Although Pb concentrations in surface sediment from cores 3 and 4 are 
somewhat elevated compared to sub-surface values, absolute concentrations 
are relatively low and within the range which would be expected naturally 
in this region. In contrast to low levels noted in this study, Clague (1976) 
reported Pb concentrations of over 50 ug g-t in polluted marine sediment 
near Comox. 


The absence of surface enrichments of Cu and Fe indicates that these 
elements are not involved in pollution problems. Higher Cu concentrations 
in cores 1 and 2 relative to 3 and 4 possibly reflect local changes in 
sediment source. Zn, Cd and Hg could have been introduced into the Inlet 
either by mining or pulp and paper milling. Both activities began between 
1890 and 1900 (Hines, 1976). Furthermore municipal waste from the town of 
Port Alberni could also be contributing to concentrations in top-most 
sediments. If mining was responsible, near-surface enrichment of Cu would 
be expected since Cu and Au were the main elements of economic interest. 


Lack of such enrichment suggests that pulp and paper milling is probably 
the main source of sub-surface pollution, at least. This suggestion is 
reinforced by the fact that highest levels of all three pollutants occur 
in core 1 which is closest to Port Alberni and that Hg pollution has been 
linked to pulp and paper milling in other areas. 


Conclusions 


Results of this study suggest that Zn, Cd and Hg have been added to 
Alberni Inlet sediment as a consequence of human activity. Pulp and paper 
milling is considered the most likely source, although mining and municipal 
wastes may have contributed to the problem. 


It is recommended that additional cores could be taken near the town 
of Port Alberni itself where evidence suggests that pollution problems are 
most severe. Furthermore, in addition to "total" analyses, selective 
leachates could be employed, as used by Loring (1975), to facilitate 
differentiation of artificial and natural components of the sediment. 
Finally the range of elements examined could be expanded to include, for 
example, such potentially toxic elements as As and Se. 


Group Discussion 


Attention focused on the problem of sampling variability: much spatial 
variation occurred in mercury concentrations from the head of the inlet to 
outside the sill, and lead concentrations varied from core to core. 
Questions arose as to whether intact core samples were obtained and whether 
there was confidence in the methods used to determine concentrations 

» (Thompson, Levings, Waldichuk). It was concluded that the variation was due 
to local sources of sediment (Doyle). Because higher metal concentrations 
were often associated with finer sediments, an observation from PISCES IV 
concerning 'flocs' along the trough of the inlet was presented (Hoos), who 
also asked if consideration had been given to natural sedimentation rates 
and the possible application of dating techniques. Burial by slumping after 
earthquakes (e.g., 1964) was also mentioned as a possible cause of 
variability in element concentrations (English). It was suggested that 
perhaps'the design of the sampling program should be altered, with 
consideration given to cost, to provide a more realistic picture of the 
range of variability of metals in the sediments (Brinkhurst). Finally, it 
was proposed that in comparison to background levels in sediments from other 
inlets, perhaps the metal levels were not significantly high in Alberni 
Inlet (Hoos). 
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alg OXYGEN BUDGET STUDIES IN ALBERNI INLET 


Part iT. Oxygen Profiles, Flux, and the Conservation Equation. 


Oxygen Profiles 


During the November cruise there was a sharp gradient in the surface 
layer with oxygen concentration dropping to 3 mL L-! below the pycnocline. 
Areal coverage of this cruise was not as large as it was on the two 
subsequent cruises of December and February: during the latter cruises, 
oxygen samples were drawn in triplicate or quadruplicate from the bottom 
bottles to determine the precision of the oxygen analyses under the 
conditions encountered. From a large number of samples (40) ranging from 
0.6 to 1.3 mL L7! it was found that the 95 percent confidence interval was 
+ 0..04°mL Ge regardless of absolute concentration. Figures 7, 8 and 9 
show the vertical oxygen profiles for the three cruises. 


Over the sampling period the salinity decreased, with time, at all 
depths. Below the pycnocline, it dropped from 31.9%. to about 31.0%., at 
50m. Average oxygen levels increased from about 0.8 mL L-! to about 
2.0 mL L7~!. This pattern compares with the annual variations summarized in 
Bell, 1976. Figures 8 and 9 show the depth contour of oxygen for the upper 
end of Alberni Inlet where station i marks the location of the dumpsite. 
Both figures, clearly showing the upward trend of oxygen contours north 
(left) of station 11, denote a general decrease of oxygen as one proceeds 
up-inlet. This general trend of oxygen depletion toward the head of the 
inlet is not strictly an advective feature but must be explained in part by 
oxygen loss from the original water body. This may result from either 
tn sttu processes such as respiration and decay, or by interaction with the 
benthic boundary layer where oxygen has been lost to the sediments. 
Reference to Figure 10, the salinity-oxygen diagram, reveals that the 
stations south of where the bottom shallows at Stamp Narrows (14, 13 and 7) 
have oxygen levels lying on a concave upward curve which acts as a ceiling 
for all of the data points. As one progresses northward, and particularly 
at stations 6, 12 and 4, the oxygen levels for a given salinity drop by 
anywhere from 0.5 to 1.5 mL L-!, Narrowing and shallowing of the inlet 
would increase the bottom area exposed per unit volume of water; thus, a 
higher surface to volume ratio would be produced. In addition, river inputs 
and pollution loads from the head of the inlet could increase tm sttu oxygen 
demand, and restricted circulation would compound the effect. At present 
not enough is known to assess the relative contributions of these various 
possibilities, but the decrease in oxygen levels appears to be related more 
to the topography than to the dumpsite location, and physical processes must 
surely have bearing on this. 


Oxygen Gradients and Flux to Sediments 


Problems with the instrumentation and methodology prevented us from 
obtaining any information on flux to the sediments on the first two cruises, 
but on the last cruise we were able to make some measurements. The oxygen 


~ Om 


gradient measured from oxygen at the ambient bottom levels is given in 
Table 1. No particular pattern was observed and the average flux was 

6.8 x 10719 g cm -2 sec7!, From the measured gradient the apparent eddy 
diffusivity was calculated where possible, and values are shown in Table 1; 
the average flux calculated was 2.8 cm? sec~!, This should be compared with 
the value of 7 cm* sec~! determined for 50-60 m in the upper basin based on 


salt and temperature considerations (de Lange Boom, 1977). 


The Conservation Equation 


The previous contract has examined the oxygen budget for the deep water 
of Alberni Inlet, where deep water is taken to mean 50-70 m (de Lange Boon, 
1977). It is useful to re-examine this oxygen budget in the light of some 
of the recently measured variables. The important terms in the conservation 
equation were seen by de Lange Boom as: 

gome U-coM  Wloe K 94e 

Bey ot ee Zecnasy BS -l- 
where c is oxygen concentration; t is time; u is the velocity down-inlet 
and w is the velocity upward through the water column; x is distance down- 
inlet; z is depth positive upwards; K, is the vertical turbulent diffusivity; 
and, S is the term covering sources and sinks within the water column. It 
should be noted that several important assumptions have been made; horizontal 
eddy diffusion is unimportant, advective transport across inlet does not 
occur, and Kz is constant. 


We will now look at equation -l- term by term suggesting improvements 
where new data makes this possible. Table 2 summarizes the results of this 
process. 


a) 9c 
ot 


Based on previous measurements made in Alberni Inlet, particularly by 
Waldichuk et al., 1968, de Lange Boom estimated this term as: 
dc 


a $55 tebe, mg05 L7-! sec7! < yeahs Sel 5 ae, mg05 L7-! sec! -2- 


This estimate appears to be quite reasonable in the light of the annual 
decrease of oxygen in the deeper water of the inner basin during periods 
when renewal is not occurring. See for instance Figure 2 in Bell, 1976. 


u oc 
b) nae 
u has been estimated by de Lange Boom, 1977, as 20 cm sec~! (down— 
inlet). Based on estuarine circulation in a fjord one would not expect this 
fast down inlet flow to be reached in the deeper water (50-100 m). Salt 
budget requirements indicate that deep water inflow must occur to replace 
salt mixed up into the fresh surface layer and advected out of the system. 
Recent current measurements in the upper basin seem to indicate that this 
is so at 50 m, and that the currents are about 1 cm sec7! (Buckingham, 


ar) ee 


personal communication). The limit of response of the current meters is 
1.5-2 em sec~! so that after filtering out tidal influences the estimate of 
1 cm sec™! is still subject to doubt. We will estimate this as 


< 
u— — (em sec (up inlet) -3- 
Oxygen gradient along the inlet at depth was estimated by de Lange Boom 


from the data of Waldichuk et al., 1978, to be 


Se ise a Mec sHents | veined eh 
ox 
This estimate could be out by a factor of two due to internal tides in 


the upper basin, but at present cannot be further refined. 


c) wdc 
OZ 


Upward velocity, w, was estimated by de Lange Boom to be 


wae 10-.em>sec7? (deep water) -5- 
and from the data of Waldichuk et al., 1978 
HOT Fagin Sareea ae eg Le 
OZ 
a) “Ske hice 
922 


The value for K, was determined by de Lange Boom to be about 7 em? 


sec-! based on salt and heat diffusion downward during periods when renewal 
of deep water was not taking place. It compares quite favourably with those 
determined near the bottom during this study. The second part of expression 
(d) was calculated to be 0.5 x 1077 mg L'! by using 05 depth profiles. 
Determining the second derivative by this manner is subject to some doubt 
and the errors involved may be large (Farmer, personal communication). We 
have carried out a similar process for some of our data below the pycnocline 
where we have up to nine different depths sampled per station. We found the 
variability not only to be large but the actual term was found to be negative 
on some occasions and positive on others. Diffusion of oxygen through a 
sharp density gradient is very slow (Waldichuk, 1978) and considering that 
the actual amount of fresh water diffusing into the deep water (50 m) 
accounts for the slow salinity decline, the estimate by de Lange Boom of 

eee a Me mg L-! em-2 appears to be too large perhaps by as much as two 
orders of magnitude. We feel a better estimate is 
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1 mg L7! sec7! -7- 


e) S 


de Lange Boon estimated this factor by calculating the annual production 
and subsequent decay 


i: by 


S ~ 8.3 x 1078 mg 17! sec! -8- 


Actually the source or sink term is composed of several contributing 
parts 


B= 3) + Sp +S + Sy -9- 


where Sp is the removal of oxygen by in sttu decay within the water. This 
has not been measured directly but should be attempted. Sp and Sp are the 
photosynthetic and respiration considerations and are probably small in deep 
water. Sp is the loss of oxygen to the sediments. The calculation of S by 
de Lange Boom included both tm sttu demand and benthic respiration; however 
we now have direct information on benthic respiration. We found the average 
flux to be 6.8 x 10-7 mg cm? sec~!. Consideration of the topography of the 
upper basin of Alberni Inlet shows that the area to volume ratio is 
0.13-0.48 cm* L7! with the higher ratio obtained in the upper basin reaches. 
Oxygen removal at the bottom then becomes 


9 x 10-8 mg sec7! LT! < Sy? <7320% 107° mg sec7! p71 -10- 


Increase in bottom roughness in response to dumping or deposition of bark 
or wood debris, or resuspension of loosely compacted materials such as faecal 
pellets, would tend to increase Sp. 


Having considered all of the terms in equation -l-, it now becomes 


oC 
dt 


(138002 Ol =o LO tneele spect: 
-l1- 


ey aoe? mg L>! secu! 


The estimate based on observed decreases with time (equation -2-) is 


oe = =e TOs mg LT! secu! -12- 

Clearly something is not right in equation 11. There are two 
possibilities; the im sttu loss of oxygen, Sp, has been ignored and is large 
(am Bosenchoy 7 mg L~! sec-1!) or the advective term is not right because u has 
been estimated much too large. The first possibility seems unlikely but the 
estimation of u was, as noted earlier, not particularly good. If u was an 
order of magnitude lower, equations 11 and 12 would come exactly into line. 


Conclusions 


Oxygen levels in the upper end of the upper basin along with near bottom 
gradients and measured benthic oxygen fluxes do not indicate that the 
dumpsite is an important point sink. The shallow region north of Stamp 
Narrows has generally lower oxygen levels which may be a result of increased 
surface to volume ratios, log booming operations and reduced circulation. 


Re-examination of the conservation equation as set forth by de Lange 
Boom, 1977, showed that the estimation of several terms could be improved 
but that balance is still not satisfactorily achieved. Further information 
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on deep currents is required, and direct measurements of the in sttu oxygen 
demand of seawater need to be made in Alberni Inlet. Furthermore the 
removal of oxygen which takes place during dumping needs also to be measured 
in the field. 


Group Discussion 


This talk provoked much discussion about the validity of values used 
in Bodo de Lange Boom's preliminary oxygen budget model (1977). For 
example, an attendee noted that eddy diffusion is very dependent on the 
halocline configuration, especially when seasonal changes cause alterations 
of the freshwater lid. This has a direct influence on the amount of oxygen 
mixing into the water column (Farmer). It was noted that data from layers 
immediately adjacent to the bottom are also very important (and scarce) 
with respect to the significance of plankton and detritus in the amount of 
oxygen taken up by the sediments (Waldichuk). It was mentioned that the 
dumping of organic debris can cause immediate depression of dissolved oxygen 
in local areas but, in fact, this phenomenon has not been observed on all 
occasions (Anderson, Macdonald). 


eG ge 


References 


Bell, W. H. 1976. The exchange of deep water in Alberni Inlet. Unpublished 
Manuscript. Pacific Marine Science Report 76-22: 19 pp. 


de Lange Boom, B. R. 1977. An oxygen budget for the bottom waters of 
Alberni Inlet. Victoria, Seakem Oceanography Ltd., Contract Report 
IOSPB-CR-10: 24 1. 


Waldichuk, M., J. H. Meikle and W. F. Hyslop. 1968. Alberni Inlet and 
Harbour physical and chemical oceanographic data, 1954-1967. Fish. 
Res. Bd. of Can. Man. Rep., Number 937: 246 pp. 


Waldichuk, M. 1978. Laboratory observations on transfer of atmospheric 
oxygen into stratified sea water. Presented at the 4lst Annual 
Meeting of the American Society of Limnology and Oceanography, 
ViClOlisas Daa. 


= eh bee 


Barty 2. An Oxygen Budget Study of the Deep Waters in the Inner Basin 
of Alberni Inlet 


Introduction 


Dobrocky SEATECH Ltd. undertook a physical oceanographic program in 
November of 1977 in the upper reaches of Alberni Inlet. The primary purpose 
of this study was to improve the understanding of the oxygen budget in the 
deep waters of the inner basin of this inlet where the active dumping of 
dredge spoils imposes an oxygen demand. Measurements of dissolved oxygen, 
temperature, salinity, and current speed and direction were taken in order 
to provide insight into the natural variability of the deep water properties 
of the inner basin on time scales not previously examined. 


Six hydrographic stations were designated in the inner basin as denoted 
on Figure 1. Three Aanderaa RCM4 current meters were moored on one mooring 
near Station 3 at depths of 50 m, 75 m and 100 m. These current meters 
recorded temperature, conductivity, pressure, direction, and speed at 
intervals of five minutes. Three series of hydrocasts were done using 
Niskin bottles and reversing thermometers. 


The first series, lasting 4 days, consisted of hydrocasts at Station 1 
through 4 during one low slack water and one high slack water each day. 
The second series was a 25-hour anchor station at Station 3 with one 
hydrocast every hour. The third series consisted of hydrocasts at Stations 
3W, 3, and 3E during high slack and low slack water during one day. These 
series provided an indication of the longitudinal, temporal and transverse 
variations of temperature, salinity, and dissolved oxygen. One week prior 
to the commencemenc of the hydrocast series current meters were installed 
to determine if the inlet system had undergone any major changes preceeding 
the period of interest. 


Results 


In assessing the heat, salt and oxygen budgets of the deep water in the 
inner basin, the most conspicuous local phenomenon which became evident 
throughout the current meter time series records were the large semi-diurnal 
oscillations of temperature and conductivity. Figure 11 provides clear 
evidence that these oscillations are not merely manifestations of the surface 
tide effect; rather, not only are the amplitudes of the oscillations much 
larger between 50 m and 90 m depth than at the surface, but also the 
internal oscillations are about 90° out of phase with the surface 
oscillations. These internal disturbances probably occur as a result of an 
encounter of the surface tide with the sill at Sproat Narrows, or with the 
sloping shore at the head of the inlet, or with both. 


It is the surface and internal tides in the inlet which are the main 
causes of oscillatory currents. Below 50 m these oscillatory currents did 
not appear to be dominated by the surface tide as they were approximately 
180° out of phase with it. The velocity, temperature, and salinity records 
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from the current meters indicated that the horizontal currents were also 

out of phase with the internal tide, by approximately 90. It appears, 
therefore, that the internal wave, as observed, was a standing wave caused 
by the superposition of two progressive waves, one travelling from the head 
to the sill and the other from the sill to the head. The current meter 
records suggest relatively smooth sinusoidal characteristics for this 
standing wave. For such a wave to be produced, the length of the basin from 
head to sill would have to be nearly the same length as an integral number 
of half wave-lengths of the internal wave. Since there were no measurements 
of the wave length of the observed internal tide during this study, the 
standing wave hypothesis was approached analytically using the measured 
density gradient for calculations. Assuming that the inner basin could be 
approximated by a rectangular basin of constant depth, and the density 
profile by an exponential, the wave length of the first mode was calculated 
to be 34 km. Thus the length of the basin (17 km at surface, 13 km at sill 
depth of 37 m) is indeed comparable to half the wave length of the internal 
wave of the first vertical mode. 


The amount of data obtained during this study proved insufficient in 
providing a complete picture of the short term (semi-diurnal) variations of 
these parameters. Estimations of what a more detailed time series would 
have looked liked (based on current meter records of temperature and 
conductivity and also temperature, salinity, and dissolved oxygen profiles 
from hydrocasts) were assimilated to give a more complete picture of these 
parameters. Figure 12 depicts isopleths estimations and Figure 13 depicts 
isotherms. With the knowledge of the probable structure of the internal 
tide it was possible to calculate reasonable error bounds in the 
determination of the budget terms. 


Discussion 


In considering the conservation equations for heat, salt, and dissolved 
oxygen, several simplifying assumptions were made. From the data, cross- 
inlet gradients of temperature, salinity, and dissolved oxygen appeared 
negligible, although initially the temporal manifestation of internal tidal 
oscillations made the inlet appear to have transverse gradients. The 
horizontal turbulent transfer mechanism was assumed sufficiently small 
compared to the advective and vertical turbulent transfer mechanism because 
of the narrowness and length of the inlet. The source term for salt was 
taken as zero while the source term for the heat was assumed negligible since 
the heat budget was calculated for depths greater than 50 m. Thus, for the 
heat, salt and dissolved oxygen budgets, the dominating terms were considered 
to be the time, rate of change, horizontal advection, vertical advection and 
vertical turbulent diffusion. The oxygen budget was also influenced by a 
"sink" which was mainly the result of plankton decay and dredge spoil 
leachates. 


The time rates of change of dissolved oxygen calculated at 50 m and 
60 m (- 0.13 + 0.04 mg L7! day7~! and - 0.07 + 0.04 mg L7! day! respectively) 
have the same sign and are within an order of magnitude of that calculated 
(0.012 mg L~! day~!) from Bell's (1976) data for the 100 m depth from June 
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to December 1966. de Lange Boom (1977) reports values of this term ranging 
from - 0.012 mg L7! day~! to - 0.022 mg L~! day~! as calculated from data 

by Waldichuk and others. However, it must be remembered that Bell's and 

de Lange Boom's calculations were based on data gathered over many months 

and that the observed variability in the rate of change of concentration of 
dissolved oxygen over short time periods was quite substantial, even to the 
extent of changing from a decrease in oxygen to an increase in some instances. 


The calculations for the longitudinal variations of temperature, 
salinity, and dissolved oxygen were hampered by large uncertainties due to 
the existence of a large internal tide and the unknown phase relation 
between the internal tide and the hydrocast measurements. Also, the 
amplitude of the wave was unknown at stations other than station 3. The 
error estimates for the longitudinal gradient terms were of the same order 
of magnitude as the terms themselves, and since the mean velocities 
associated with these scalar quantities were measured to be very small, and 
their error bounds quite large, the determination of the horizontal 
advection terms was somewhat tenuous. From the current meter records, the 
longitudinal components of the net current were calculated to be as follows: 


DEPTH (m) NET VELOCITY (cm sec7!) 

50 - 0.79 + 1.5 (up-inlet) 

LD - 0.73 + 1.5 (up-inlet) 
100 0.48 + 1.5 (down-inlet) 


With both the time rates of change and the advective rate of change terms 
being as small as they were and having such large error bounds, it was 
difficult to surmise anything conclusive from the budget. These two terms 
balanced each other within their error bounds, but it is felt that vertical 
turbulent diffusion must also play a major role in the deep waters of the 
inner basin. 


Conclusions 


The heat, salt, and dissolved oxygen budget calculations for this study 
were hampered by the smallness of the measured terms and the largeness of 
the error bounds. This situation was due to the very short time span of the 
study, the slow changes occurring in the deep water, and the large 
oscillatory variations of the measured parameters. It was demonstrated that 
the mean exchange processes of the deep waters of the inner basin were very 
slow and almost immeasurable over a short time period. There was an 
indication, however, of a large semi-diurnal internal tide generated by the 
surface tide on the sloping head of the inlet which manifested itself as a 
standing wave by being reflected off the inner sill at depths below 3/7 m. 
Although the amplitude of this internal tide appeared quite large (maximum 
of about 10 m at 65 m depth) it is not expected that it would have a large 
amount of energy associated with it, as the vertical density gradient at 
this depth was quite small. 
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Group Discussion 


Following this talk there was considerable discussion of problems 
related to aliasing of oxygen measurements due to internal tides and the 
fact that short-period dynamic effects dominate the system. 


It was concluded that in spite of the fact that financial constraints 
often precluded detailed work (e.g., 25 hour data at single stations) it 
was still necessary in order to obtain an adequate knowledge of the internal 
tide and its influences. If the structure of the internal tide were better 
understood, then the uncertainty associated with spot measurements, as 
opposed to time series, could be estimated (Farmer, Waldichuk). Specific 
mention was given to the now-evident uncertainty problems related to 
historical data in this area. 


Finally, the dissolved oxygen depression at the heads of inlets with 
fresh water runoff is often attributed to estuarine circulation; however, 
it was pointed out that some lowering in dissolved oxygen often exists 
towards the inshore ends of inlets or fjords that are not estuaries, an 
example being, Prince Rupert (Anderson). 
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V. BIOLOGICAL COMMUNITIES 


Introduction 


Biological work on the effects of dumping on the benthos in Alberni 
Inlet has included determinations of immediate effects and studies of the 
rate of recovery following cessation of disturbance. The preliminary effort 
involved a study of the effects of dumping dredge spoils containing wood 
debris on benthic communities and was performed under contract by Dobrocky 
SEATECH Limited in 1976 (Anderson and O'Connell, 1977). A summary of the 
data and clustering analysis of community structure is available in the 
previous ocean dumping report (Brinkhurst, 1978). In an attempt to 
understand more of the temporal changes and benthic respiration at the 
dumpsite, a one year monitoring program was implemented. Initial stages 
of the program were performed under contract to Beak Consultants Limited in 
November 1977 and carried through until March 1978 (Beak Report, 1978). 
During the interim between contracts, MacMillan Bloedel Limited provided 
financial support for the program. Table 3 gives a summary of the sampling 
effort to date. Completion of this sampling program is presently undertaken 
by Dobrocky SEATECH, with the last sampling period expected to occur in 
November. Consequently, only preliminary results of the observed temporal 
changes on the benthic communities are available. 


Two sampling stations were visited at intervals throughout the twelve 
month period. The dumpsite station was located on the west shore of the 
upper basin of the inlet about one mile south of Stamp Point at approximately 
56 m depth; and the "control" station was in about 66 m depth, on the 
eastern side of the inlet abreast the dumpsite. Triplicate benthic grabs 
were taken at each of the two stations using a 0.1 m2 Smith-McIntyre grab. 


Sediment Samples from each of the six replicates were analyzed for 
total Kjeldahl nitrogen (percent N), total organic carbon (percent TOC), 
volatile fraction, moisture and silt-sand ratios. 


Oxygen consumption of the benthos was measured with a tethered tn sttu 
respirometer. This device consisted of an instrumented chamber which was 
lowered to the ocean floor to provide a continuous on board readout of 
salinity, temperature, pH, and dissolved oxygen. 


Results 


Preliminary results demonstrate that the dumping of dredge spoils 
containing wood debris has an immediate effect on the benthic fauna. 
Consistently fewer species were present at the dumpsite station as compared 
to the "control" or less-disturbed station, and as one might expect, the 
biomass was also consistently lower at the dumpsite. After the cessation of 
dumping there was a rapid colonization of the dumpsite by opportunistic 
species such as the bivalve Axtnopstda serricata and the small polychaetes 
Capttella capttata and Dorvillea spp. Dorvillea and Capttella are commonly 
found in disturbed environments. Recolonization by opportunistic species 
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was rapid. Juvenile Axinopstda serritcata settled at the dumpsite within 
three to six weeks. A peak in the numbers of species occurring at the 
control site can be identified during the winter to early spring. This can 
be accounted for in several ways including low bottom current flow, colder 
temperatures, higher oxygen content in water column and the ultimate settling 
out of larval forms at this time of the year. 


Axtopsts sptnultcauda, the Alberni "super-shrimp" was found in several 
samples. It may be the animal responsible for large and numerous burrows 
observed previously in photographs of the inner basin. This shrimp was 
found only at the control site in this collection. The burrows of 
A. spinultcauda are often plastered with sediments which contain high 
concentrations of heavy metals. This may prove to be an important topic for 
further study. 


Analyses of the sediments revealed that the nitrogen content was 
consistently higher at the control station than at the dumpsite (ca. 0.3 
percent vs. 0.1 percent). Weight loss on ignition was also higher at the 
control site (16 percent vs. 3 percent). Dumpsite sediments contained 
a high proportion of sand (60 percent vs. 15 percent), which probably 
represents dumped material with a large content of riverine bedload. The 
pattern of differences between dumpsite and control sediments may be 
explained in part by the addition of dredged material to the dumpsite and 
in part by the notable concentration of faecal pellets at the control station. 


The dissolved oxygen measurements at the dumpsite were not significantly 
different from the control site measurements. Table 4 provides a summary of 
the tm sttu measurements of benthic oxygen demand. It is some indication 
that as the ambient 05 levels increase, the benthic 0» consumption also 
increases. 


Conclusion 


Only preliminary results are presented at this time. Once the field 
work and analysis have been completed, more definite conclusions with regard 
to seasonal variation of the benthos, benthic oxygen demand, and the rate of 
community recovery from disturbance can be drawn. 


Group Discussion 


The question was raised as to the possibility of a relation between the 
internal tide and 05 level fluctuations (Brinkhurst). The resulting 
discussion reflected the conclusions drawn from the previous presentation on 
0» budgets: if adequate knowledge existed of the internal tide in the inner 
basin, a better description could be given of the effect of the tide on 05 
level and benthic oxygen demand. It was concluded that a monitoring program 
such as is in progress was sufficient to give an understanding of the effects 
of dumping and natural seasonal changes on the benthic community in Alberni 
Inlet. It was also stated that with respect to the heavy metals, enough 
information has been collected to indicate that concentrations are not so 
high as to cause immediate alarm (Brinkhurst). 
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This led to a more generalized discussion on Alberni topics chaired by 
Dr. Brinkhurst. It included such questions as how much ocean dumping has 
to do with 0» budgets, and whether or not there was a necessity for money 
to be spent on general research problems as opposed to site-specific ocean 
dumping studies. Discussion centered on the proposition that the 0» budget 
studies were approaching the "outer boundary" of work that should be totally 
funded by the Ocean Dumping research money. Unsolicited proposals were 
suggested as a possible supplemental route for some of this work. Attention 
was drawn to the point that although dumping effects in Alberni Inlet are 
acceptably small, as demonstrated by the Ocean Dumping exercise, the inlet 
still provides an ideal case study (Farmer). 


Concern was expressed that toxic materials such as polychlorinated 
biphenyls and heavy metals in wood wastes were being laid down in thick 
layers, such that only the surface of a deposit was exposed to natural 
degradation processes. Consequently, it was offered that a limitation on 
the total volume to be dumped (depending on the nature of the dredge spoils) 
should be considered (Waldichuk). Wood wastes and other oxygen-demanding 
substances are still a serious problem for RODAC applications so a 
continuation of the oxygen budget work, by whatever means feasible, was 
advocated. 


Before adjournment, the chairman mentioned pertinent areas for the 
afternoon's discussion: timing restrictions during reproductive cycles of 
fishes; the need of more credible limits on materials; and, the suggestion 
of capitalizing on the oxygen budget information in the sense that portions 
of it could be applied elsewhere. 
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Vis BIOTRANSFORMATION OF MERCURY IN SEDIMENTS 


Introduction 


In previous work (Wong, Thompson and Macdonald, 1977) a series of 
experiments and field studies was undertaken with two objectives in mind: 
to determine background concentrations of methylmercury in Howe Sound, B. C.; 
and, to ascertain some of the characteristics of an estuarine sediment 
sample with respect to the ability to methylate inorganic mercury. Surveys 
indicated that the CH3Hg concentrations thoughout the inlet never made up 
more than about 1 percent of the total mercury burden. Biotransformation 
experiments indicated that microbial action with the addition of mercury, 
as Hg2t, did not result in large increases in organomercurial concentrations. 
It was found also that the efficiency of methylation was greater when 
10 mg kg7! of Hg 2? was added than it was at the addition of 100 mg kg; 
however, absolute amounts produced were greater in the latter case. For 
either dose concentration the maximum CH3Hg production at 15 occurred at 
about 15 days after commencement of the experiment. 


The opportunity to work with sediments for Alberni Inlet prompted us 
to consider various aspects: a comparison of CH3Hg concentration in Alberni 
Inlet sediments with those in Howe Sound; a comparison of methylation rates 
in Alberni sediments when dosed with 10 mg kg~! Hg?@t at 5° and 15° with 
those of blank sediments incubated at the same temperatures; and finally, 
the determination of the capability for demethylation of added methylmercury. 


In the first of a set of experiments, begun in November of 1977, a 
series of incubations WaS performed over a period of 40 days. Using the 
sediment from a grab obtained at 49°11.65'N, 124°49.3'W, flasks containing 
90 g of sample were incubated at 15° anaerobically. Eighteen samples were 
spiked to 10 mg kg7! with Hg 2+ using 20 3492+ as a tracer. The production 
of CH3Hg was monitored by duplicate sampling at days 2, 5, 12, 15, 20, 25, 
30, 35, and 40. Another eighteen samples were spiked to 2.5 mg kg7! CH3Hg* 
as Hg incubated anaerobically and sampled in duplicate on the same sequence 
of days. Blank samples (no mercurial added) were incubated to determine 
methylmercury production utilizing ambient mercury, and additionally, a set 
of sterile controls was incubated to determine the background levels of 
mercury. Sterilization was by both autoclave (high pressure steam) and by 
formalin additions. 


In February 1978 a second set of experiments, using fresh sediment, was 
initiated. The incubation period for this set was reduced to 20 days and the 
autoclaved controls were not prepared. 


Organic carbon, total mercury and particle size determinations were 
made for each of the two bulk samples. 


This unrealistically high value of CH3Hg was a result of a miscalculation 
of the concentration. 
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Results 
Methylmercury Production 


At the 15° incubation temperature, methylation was readily measurable, 
reaching a maximum of about 16 mg kg~! after 15 days (Figure 14). 
Concentrations decreased steadily from this point, reaching the same levels 
determined at day 2. Sterile controls exhibited no net changes in CH3Hg 
concentrations over the 40 day period, although the mean for the autoclaved 
samples was nearlv twice that of the formalin treated set. 


Data obtained for CH3Hg production at ie (Figure 15) do not indicate 
the same initial increase noted at 15. There is, in fact, a rapid decrease 
between days 2 and 5 followed by a gradual increase up to the termination 
of the experiment. Concentrations in the formalin controls were considerably 
greater here than for the 1 study. Again, these samples did not exhibit 
a net change in CH3Hg concentration. 


Production of CH3Hg in the unspiked blanks (Figure 16) showed a marked 
difference between the two temperature treatments. At 15°, production 
reached a maximum of about 4 mg kg! at 10-15 days while after 20 days, 
production at 5 appeared to be approaching a plateau of about 6-7 mg kg” 1 


Methylmercury Degradation 


Methylmercury added at the 2.5 mg kg! level was rapidly degraded at 

(Figure 17). By day 5, approximately 20 percent of the original amount 
remained. At day 40, about 10 percent remained suggesting both a fast and 
a slow mechanism are operative. 


The rate of degradation at 5° was less, with 43 percent of the original 
amount remaining at the end of the shorter experiment. At 15 the decay 
curve can be expressed by the equation y = 2.36x79+318 (ry = -0.97; p<0.001). 
According to this equation the half-life for the reaction is approximately 
7 days. 


At ‘the lower temperature the decay curve can be expressed by the 
equation y = 2.90x~9-127 (ry = -0.84; p<0.01) and the half- life in this case 
is about 27 days, or about 4 times greater than at fo 


Background Mercurial Concentrations 


The only data of methylmercury values available from Alberni Inlet are 
those of the duplicate samples taken from each of the two grabs obtained in 
November 1977 and February 1978. Data for CH3Hg total mercury, moisture 
and carbon content are summarised in Table 5. 


It is to be noted here that methylmercury concentrations in the two 
samples differ by a factor of about 2, and percent of the total as 
organomercury is about 3-fold more for the latter samples. Carbon and water 
content show almost no differences. 
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Discussions 
Methylmercury Production and Ambient Concentrations 


At 15° and with the 10 mg kg 1 Hg2t spike, production of methylmercury 
in this work followed a path similar to that found in the Howe Sound 
studies. Peak production occurred at 10-15 days; thereafter, time quantities 
decreased. It is somewhat difficult and probably quite academic to compare 
absolute amounts of mercurial produced because the quantities were expressed 
in a differing manner. 


The lowering of the incubation temperature to 5° had a marked effect 
upon CH3Hg production. In the 20 day experimental period there was no net 
increase although a trend to increasing concentrations (Figure 15) was 
apparent by day 20. The drop between days 2 and 5 cannot be explained 
although there is a possibility that the data point for day 2 may be 
erroneous. An alternative, but less likely possibility is that there was a 
rapid production of the mercurial during the first 2 days. This occurrence 
would be missed with the sampling scheme that was used. 


The difference in methylmercury levels between the autoclaved and 
formalin-treated controls (Figure 14) is also difficult to explain. Since 
extraction efficiencies for the two media were similar, effects of the 
formalin can be ruled out. There may be, however, intrinsic differences in 
the chemistry created by the sterilization procedures. 


In the 5° experiment a considerably higher background was found for the 
formalin-treated controls compared with the 15 experiment. Here there is 
a possibility that this may be a reflection of the higher ambient CH3H¢g 
concentrations. Through a ligand exchange mechanism, some of the 20 3y9 2+ 
would be incorporated into the existing CH3Hg according to the following 
reaction: 


203Hg2+ + CH3He* == CH3 203Hgt + Hg2t ~1- 


This would, in turn be extracted and detected by the measurement system. 


, ; O 
It can be concluded that at ambient sediment temperatures of 5 or less 
the methylation process is slow and primarily dependent upon carbon 
concentrations. 


Degradation of Methylmercury 


The effect of temperature upon the rate of degradation is clearly marked 
in this study. At the lower temperature the rate, as defined here by the 
calculated half-life of the added CH3Hg, was one-quarter that at 15°, 


These experiments also demonstrated that microbial populations, 
especially in organically rich sediments are capable of mediating even high, 
unrealistic additions of methylmercury. These results serve further to 
demonstrate that natural mediation controls the budget of methylmercury in 
sediments. This would give some support to Windom's (1976) conclusion that 
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methylation appeared to be an inefficient mechanism for transferring mercury 
out of (salt marsh) sediments. 


Ambient Organomercurial Concentrations 


The lack of an inlet-wide survey prevents us from concluding that the 
sediments of this inlet contain particularly high CH3Hg concentrations 
relative to the total mercury. We have,seen previously that CH3Hg in Howe 
Sound did not amount to more than about one percent of the total. In this 
study we have found methylmercury up to 12 percent of the total mercury 
(approximately 600 mg kg~!), particular to this area where the sediments have 
been perturbed by the dumping of wood-waste-rich materials. Data from core 
samples described elsewhere in this report (see Section III) give a 
maximum mercury level of 260 mg kg7!. Studies by other investigators, in 
the past, have demonstrated the strong relationship between carbon and 
mercury. Thus, within the area of influence of the dumpsite in Alberni 
Inlet, total and organomercurial levels could be understandably high. 


Conclusion 


We may conclude that sediments of Alberni Inlet are comparable in 
ability to those from Howe Sound to support synthesis of methylmercury. 
That the proportion of ambient methylmercury apparent in Alberni is greater 
may reflect elevated organic loadings which will encourage anaerobic 
biotransormation processes. 


Further questions regarding rates of methylation and demethylation are 
now more suited to long-term research. Probably of immediate concern to 
Ocean Dumping interests would be the consideration of the distribution of 
methylmercury in Alberni Inlet, and the possibility of the benthos containing 
higher than "normal" levels of methylmercury. 


Group Discussion 


As a possible alternative to the naturally occurring mercury in 
sediments, slimicides from pulping operations in years past were suggested 
as sources for the mercury identified (Waldichuk, Harbo). 
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Mie. VARIABILITY STUDY ON DREDGED SPOILS 


Introduction 


A major problem in monitoring for ocean dumping is the question of how 
to sample effectively for chemical contaminents. Clearly, large volumes of 
sediment are dredged and dumped every year: over 3 x 10° m3? have been 
dumped in the Pacific Region in 1977, 736,000 m° of that going to the Point 
Grey dumpsite alone. There is a real difficulty in distinguishing those 
dumps which are "no problem" from those which could lead to environmental 
deterioration. This task is complicated in that limited resources are 
available to do this work. It is obviously unreasonable to ask for total 
analysis on all dumped material simply because expense would be prohibitive; 
however, sampling should be conducted frequently enough, and in such a way, 
that undesirable dumping is not carried out. 


An examination of the variability of a number of commonly requested 
parameters was made on one particular dredge event carried out in Victoria 
Inner Harbour in late 1977, early 1978. The sampling strategy involved 
obtaining seven grab samples at random locations throughout the dredge site 
before dredging commenced. In addition, four of the barges were sampled at 
seven random locations within each barge after it had been filled with 
spoil. Each sample was then split into three subsamples, stored in 
containers appropriate to the analysis to be performed and then randomly 
numbered. The total 105 samples were provided to Chemex for analysis; they 
were completely unaware of the order of samples. Parameters determined for 
each sample included trace elements (Pb, Cd, Cu, Zn, Fe, As, Hg), organic 
carbon, oxygen uptake, percent moisture, petroleum hydrocarbons and total 
extractable organic material. In addition particle size distribution was 
obtained for each of the original samples, but not in triplicate. After, 
the analytical results were submitted to Ocean Chemistry (Chemex Report, 
1978) they were decoded and subjected to analysis of variance wherein the 
significance of difference between means of sample populations could be 
tested (Zar, 1974). 


Results and Discussion 


Table 6 summarizes the results of the analyses performed and Table 7 
shows the results of the ANOVA tests. The level of most of the parameters 
may be described as not unusual but mercury, cadmium, lead and possibly zinc 
are all high. Of particular note, the mercury was found to average 1.9 mg 
kg-! and the cadmium 1.28 mg kg~!. These reported levels should be seen in 
the light of the maximum concentrations prescribed by the Ocean Dumping 
Control Act: 

ve for mercury and mercury compounds in 2 solid phase of 
waste, 0.75 milligrams per kilogram, ... 
ale for cadmium and cadmium oe in a solid phase of 
waste, 0.6 milligrams per kilogram, 
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Why these metals are unexpectedly high in Victoria Harbour is an 
interesting question in itself, and at present they appear to originate from 
a paint manufacturing installation. Further work is in progress by E.P.S. 
(Environmental Protection Service) to determine the extent of heavy metal 
contamination throughout the area. 


In Table 8 the reported analyses required for R.O.D.A.C. for the permit 
pertaining to this dump (443-0375) are given. Their R.O.D.A.C. analyses 
were obtained independently in the course of the normal permit process. In 
this way we would be able to use Ocean Chemistry's data to check the 
screening process directly, at least for this dump. Examination of Table 8 
shows that the "permit" analyses identified the high cadmium levels and, in 
fact, both of the samples have concentrations just slightly above the limits 
found in our study (Table 6). Their levels are clearly in excess of the 
Regulation 0.6 mg kg7! whether that be regarded as wet or dry weight. Based 
on the normal distribution obtained from our data there are only six chances 
in 1000 of obtaining a single sample that high and four chances in 100,000 
of obtaining two independent samples both that high. Analytical technique, 
however, including extraction procedures, may be an important aspect 
contributing to the difference between those analyses submitted for the 
permit and our calculated mean. This points out the importance of 
normalizing techniques for analysis of dredge spoil so that intercomparative 
evaluations can be made. The Dumping Act does not at present address this 
problem. 


The mercury levels obtained in the course of the R.O.D.A.C. permit 
procedure were 0.65 - 0.81 mg kg-! (x .73) wet weight. If we assume the 
value of 0.75 mg kg! in the Canadian Regulations to apply to wet weight of 
dredgeate, then these would indicate a marginally acceptable condition. 
However, the Ocean Chemistry study values averaged 1.90 mg kg! dry weight. 

As average moisture content was c. 50 percent, the samples would be about 

0.95 mg kg} wet weight, or more clearly in excess of the Regulation limit. 
If, of course, the Regulation limit be 0.75 dry weight, then the levels 
obtained in both sets of analyses are well in excess of the legal limits 
(i.e., 1.5 or 1.9 respectively). If we assume the Regulation to be set ona 
wet weight basis, any single sample would be found to be below 0.75 dry weight 
1 in 10 times (assuming normal distribution or 2 samples both below 1 in 100). 


The situation for cadmium is almost identical. Obviously two samples 
taken randomly give us a very good chance of identifying the high levels, and 
in agreement with this the analyses performed for the permit have done so 
quite successfully. (A high point source would probably be missed but it is 
difficult if not impossible to catch something like that without blanket 
sampling.) Again, the mean moisture level of the samples taken from the 
Victoria Inner Harbour site was found to be c. 50 percent, ranging from 27.3 
to 65.9 mg kg !; hence, the confusion regarding wet or dry weight, not 
specified in the Regulations, could affect interpretation by a factor of four. 
(The wet weight basis analyses would always be the lower.) 


Tightening up the wording of the Act is required in order to avoid such 
future interpretive problems and, of course, the permit requirements for 
analysis must specify how results are to be reported. Furthermore, literature 
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values for mercury in natural marine sediments vary over a range of levels 
including.0.05 to;3.s,0.mg kg-l and for cadmium 2.0 to 5.0 mg kg !, In view 
of this, fixed prescribed levels do not appear to be reasonable, and site- 
specific allowance should be made based on natural background levels. 


Table 7 shows the preliminary results of the analysis of variance. 
The first column gives an indication of the amount of spread in the data 
which was caused purely by splitting a single sample and analyzing it. In 
the case of lead and arsenic the 'variance accounted for' amounts to more 
than 50 percent of the total variance, and probably reflects on the 
analytical difficulties. Similarly the Fj, Fo and F3 fractions are also 
subject to high variation, probably because of imprecision in the analysis. 
In general the smallest ‘variation accounted for’ is between individual 
barges and the pre-dredging sampling program. As a result, samples taken at 
any time before or during dredging appear to be fairly representative of the 
whole. Differences between the grab-sample survey and between barges were 
generally significant at the 99.99 percent level, P <.001, but the 
differences were not large. (See Table 9.) The large number of samples 
resulted in statistical power sufficient to detect the small differences. 
For that reason the ‘variance accounted for' is probably a more useful 
indication of how much of the sample differences could be ascribed to the 
different causes: within a single grab, between grabs on the same barge 
and between barges. 


The analyses for extractable organic material shed light on another 
aspect of the maximum quantities of pollutants prescribed by the Dumping 
Act. In Table 6 it can be seen that the average organic material remaining 
(after removing non-hydrocarbons) is 1470 mg kg~! (SAP EOM). Even the 2-3 
ring aromatics (F») and polynuclear aromatics (F3) have concentrations of 
249.9 mg kg~! and 118.3 mg kg~! respectively. The Act dictates: 


For crude oil, fuel oil, heavy diesel oil and lubricating oils 
hydraulic fluids and any mixtures containing any of them, any 
quantity that yields more than 10 milligrams per kilogram of 
n-hexane soluble substances 


Obviously the levels reported here are way above those prescribed in 
the Act, and furthermore if this regulation were strictly enforced probably 
only deep sea sediment would qualify for dumping. In addition to 
prescribing an arbitrarily low level for extractable material, an n-hexane 
extraction is specified. This technique is now rarely used to extract oily 
substances, and updating of the Act should be undertaken based on recent 
advances in analyses and extractable organic levels normally found in 
non-polluted coastal marine sediments. 


Preliminary step-up multiple regression analysis shows that, as 
predictors of observed iron concentrations, the elements fall in the order 
cadmium, zinc, arsenic, copper, lead and mercury. Both cadmium and lead 
appear to be related to iron content of the sediment while mercury is only 
marginally so. From the literature and some of our own data we have found 
that mercury is often associated with the organic carbon content. This may 
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have a great deal to do with how metals are scavenged to the sediments and 
also what conditions will effect their release during dredging or dumping. 
Further analysis, including other parameters, is still in progress. 


During the sampling period each grab was characterized according to its 
physical appearance with colour, odour and texture being noted. Analysis 
of variance will be performed on data grouped according to physical 
appearance to see if differences in pollutant level exist. If this is the 
case it might be used by the "clever" sampler to bias analyses in his 
favour. It could similarly be used to obtain a worst-case sample which would 
increase confidence that material judged suitable for dumping, was indeed 
suitable. 


Conclusions 


The analyses reported for the dredging in Victoria Harbour make it 
apparent that nothing should be taken for granted when dredging-dumping is 
carried out in an area where there are no previous analyses available. It 
is essential, therefore, that greater care be taken with the first such 
dumping. Thereafter, the requirements can be diminished if no "surprises" 
are detected. 


Now that statistically valid information on metal concentration and 
variability has been obtained from Canadian waters, it is an opportune 
time to clarify or alter threshold levels specified by the Ocean Dumping 
Control Act. 


Group Discussion 


Considerable discussion followed concerning known polluted harbours, 
for example, False Creek, Squamish and Victoria and the effort that should 
be expended in sampling before permission is given to dump dredge spoils 
from there. 
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VILT. POSSIBLE AREAS FOR FUTURE OCEAN DUMPING RESEARCH 


A brief summary on the future of ocean dumping was presented as the 


closing session for the workshop. Several points were identified with 
emphasis placed on the Ocean Dumping Act and its regulations. 


Mercury, cadmium and PCB's are generally the parameters of concern in 
dredged material and on occasion they can exceed regulated levels. The 
prescribed concentrations are somewhat arbitrary and/or vague, and do 
not necessarily reflect possible or real environmental effects or 
concerns. The regulations should be modified to reflect scientifically 
sound requirements. This approach can be furthered through additional 
research into the chemistry and biochemistry of the contaminants of 
concern: chemical speciation, bioavailability, uptake, physio/chemical 
conditions which may pose problems, and so on. 


The Quarantine Buoy dumpsite in the Juan de Fuca Strait adjacent to 
Victoria has received considerable dredged material over the last three 
years. At least some of this material has been found to be contaminated 
with certain chemical pollutants such as Hg and Cd. The site is in need 
of a detailed environmental examination in order to delineate the extent 
of the dumpsite, and to decipher environmental implications of marine 
disposal at this location to date. 


Studies could be initiated to investigate the potential for possible 
"enhancement" of certain marine environments through the introduction of 
dredged materials or construction debris. Examples include the 
following: 


a) dumping construction rubble at Quarantine Buoy, 
b) recycling dredged material for marsh creation in estuaries, 


c) disposal of organic dredgeate onto a submarine mine tailings bed to 
"stimulate'’ the sediments through mulching, thus enchancing 
recolonization by the benthos. 


A detailed examination, including tn sttu field trials, is needed to 
evaluate the validity and accuracy of fisheries timing restrictions on 
clamshell dredging in areas such as the Fraser River and Burrard Inlet. 


A field investigation/review of possible ocean dumpsites in the vicinity 
of Prince Rupert is required in the anticipation of major construction 
and port proposals, and to avoid further degradation of Porpoise Harbour. 


A review is warranted of recent information available regarding concerns 
and possible disposal options, of low level radioactive wastes. 


te 


Group Discussion 


The discussion which followed was wide-ranging on new topics for 1979- 
1980. Chemical work that was mentioned included: lead and mercury 
methylation with particular reference to determining whether Alberni Inlet 
is a "hot spot" or, in fact, "normal" with respect to heavy metals (Thompson); 
analysis of PCB's from the Victoria Harbour material (Macdonald); and 
"development of meaningful criteria for Ocean Dumping," especially techniques 
to recognize mobile contaminants. The latter would be a prototype study and 
might fit the Canadian position on dumped contaminants if it were accepted 
internationally (Wong). 


Data on Alberni Inlet including shear phenomena near the sill, current 
data from the head of the basin, intrusions, and actual oxygen renewal 
processes, were raised as areas of deficiency by physical oceanographers 
(Farmer). Statistical analyses and interpretations of biological data 
obtained from previous years work in Alberni is on the priority list of 
biologists. New data on respiration due to zooplankton and phytodetritus, 
as well as sedimentation rates, are required to complete the oxygen budget 
study in Alberni. It was hoped that MacMillan Bloedel would continue its 
monitoring program. Other major biological problems included a necessity to 
summarize regional data on the impact of dumping on marine fisheries (ground 
fish, shrimp, and prawns), especially species with demersal or benthic eggs 
(Levings, Harpo, Waldichuk). 


The major problem of finances was the last item for discussion with 
suggestions offered as to possible alternative sources for monetary support 


of the Ocean Dumping program. 


The workshop was adjourned by Dr. Brinkhurst. 
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Figure 2. Station locations for water quality samples 1977, 1978. 
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Figure 4. Metal profiles for box core 2. 
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Figure 5. Metal profile for box core 3. 
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Figure 14. Methylmercury production an gape Inlet sediments 


containing 10 mg kg and ~ Hg under anaerobic 
incubation at 5%. 
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Figure 15. Methylmercury production in Alberni Inlet sediments 
ees os H Zr Zonas eats 
containing 10 mg kg’ ° as H8 and Hg under 
anaerobic incubation at 5° . 
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Figure 16. Methylmercury production in unspiked Albemi Inlet 
sediments. Anaerobic incubation at 5 and15. 
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Figure 17. Decay curves for methylmercury added to Alberni Inlet 
sediments. Anaerobic incubation at 5 and 15. 
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TABLE 1 


BENTHIC O9 DEMAND AND O>5 GRADIENTS 


STATION QO, GRADIENT a FLUK- 7G) APPARENT EDDY 
DIFFUSIVITY, (K,) 
g cmt x 1019 g em 2x7! x 101° cm¢s7 1! (_ 5/22) 
ee) 
aN = 1207 10.3 1.46 
2 -10.2 3.6 0235 
5) - 1.29 Oat a Be 
4 aa eee | 339 0.70 
5 -14.1 - iY 
6 -22.6 1258 eo? 
7 - 3.4 6.6 1.96 
8 Mi: = 2 
9 - 1.54 = : 
10 -24.2 - = 
tL Le OF = = 
12 — 3.50 BD 0.39 


13 OU = ss 


14 = 0.57 63.7 38 
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TABLE 2 


COMPARISON OF TERMS USED IN THE CONSERVATION EQUATION 


de LANGE BOOM, 1977 


Pees 107" tal— 1.5 = 
10-7 mg L7! sec7! 
20.0 cm sec7} 


1.3 x 107° mg LT! cm! 


1 


1A 


107* em sec™ 
MeO 10-7 me Lom 


Gore 07” mg te secs: 


0 mg L7! sec7! 


8.3 x 1078 mg L7! sec7! 


THIS STUDY, 19768 


~| 2.5 x L0eto = eee 
10-7 mg L-! seen} 


Zio!) Orem saci 


133° x 10-9 me Lot cme 


< 107* cm sec7! 


2/0 x 107 *omeeio? cnt 


Ve Ox 102° mg ew sec" 


0 mg L>! sec™! 


32 
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TABLE 3 


SUMMARY OF BENTHIC SAMPLING EFFORT 


TRIP NO. WORK! COMMENTS 


November 15 to Grab sampling 
L254: 1977 


November 28 to Grab, respirometer 
December 1 


December 13 Grab sampling 
December 20, 21 Grab, respirometer 


January 25, 26, Grab, respirometer 
1978 


February 21 Grab, respirometer 


March .9,.,10 Grab sampling 
March 21° cto e23 Grab, respirometer Dumpsite not sampled 


April 20, 21 Grab, respirometer Billed to MacMillan 
Bloedel 


May 18; 19 Grab, respirometer Billed to MacMillan 
Bloedel 


July 4 to 6 Grab, respirometer 


Juby *3rto Grab, respirometer 
August 2 


August 28 to 30 Grab, respirometer 


1 
On each sampling trip, data on sediments (grain size, C, N, LOI) and water 


(T, S, D.O.) characteristics (1 m from bottom) are also obtained. 


January 
February 
March 
April 
May 

July 


August 


November 
1977 


February 
1978 
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TABLE 4 


BENTHIC IN SITU RESPIRATION 
(Control station only) 


TEMP ERATURE CONSUMPTION 
(76) (mg 05 m2 hr7+) 


TABLE 5 


CH3Hg, TOTAL MERCURY, MOISTURE AND 
CARBON CONTENT OF GRAB SAMPLES 


CH3Hg TOTAL Hg 
(ug Hg kg~!) (mg kg~+) 


VP CoP GS Sige 
2041 (4.6 )4 


46. 2(1232)2 
48cl—-GUi2)s 


a ; 
Values in parentheses are percent of total as CH3Hg. 
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TABLE 6 


SUMMARY OF ANALYTICAL RESULTS. OF VICTORIA HARBOUR DREDGE SPOILS 


ANALYSIS 


i! 


% Organic Carbon 


O5 Uptake mg kg- 


% Moisture 

*EOM mg kg7! 
**SAP EOM mg kg7! 
*k*F) mg kg! 
AKKEFS mg kg~ 1 
AKKKAF 2 mg kg7! 


+ All analyses are on a dry weight basis. 
Ourdata were obteined 28/90/77: 18/15/7%s 30/11/77: 45/12/77; 6/1/78 
(grab samples). 
DEFINITIONS 
*EOM - organic material extractable by an organic solvent 
(1:1 methanol: benzene) 


**XSAPONIFIED EOM - organic material remaining after non-hydrocarbons (esters, 
animal fats) are removed 


RAF | - aliphatic and alicyclic (saturated) fraction of 
hydrocarbons 
RRERF - fraction consisting largely of 2-3 ring aromatic 


hydrocarbons (naphthalenes, anthracenes) 


RAKKKF 9 - fraction consisting largely of polynuclear aromatic 
hydrocarbons 


em 


TABLE 7 


RESULTS OF STATISTICAL ANALYSIS OF THE PERCENTAGE 
OF VARIATION DUE TO DIFFERENT CAUSES 


Measurement Variation Variation accounted Variation accounted 
accounted for for between samples for between samples 
within sub- taken from the taken from 
samples from same barge different barges 
the same grab 
sample on the 
barge 


% Organic Carbon 
Oxygen Uptake 

% Moisture 

*EOM 

**XSAP EOM 


KKKF) 


KKKKF 5 


4 
eS) 
od 
8 
vk 
od 
4 
ee 
4 
Ne 
a 
4 
<3 
e)) 
8 
me 


KKKEKF 5 


tT Not significant at 95% level 


DEFINITIONS 


As for Table 6. 
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TABLE 8 


RESULTS OF CHEMICAL ANALYSIS PERFORMED BY WILLIS, CUNLIFFE, TAIT & 
COMPANY LTD. FOR EPS PERMITS TO DUMP 


CHEMICAL DECEMBER 21, 
ANALYSIS 1977 


All analysis are on a dry weight basis, except Mercury: it was measured 
as wet weight (dry weight = wet weight x 2 or an average of 1.5 mg kg™! Hg 
dry weight). 


oe hl Bee 


TABLE 9 


A COMPARISON BETWEEN GRAB-SAMPLE SURVEY AND BARGES 


ANALYSIS PRE-DREDGE BARGE 1 BARGE 2 BARGE 3 BARGE 4 


% Organic Carbon 
Oxygen Uptake 

% Moisture 

*EOM 

*KSAP EOM 

KEKE) 


REKKF 5 


KAKERKF 3 


All analyses reported as mg kg7! (dry weight basis) except where otherwise 
noted. 


DEFINITIONS 


As tor Table.6, 


male 9 yo 


ati ae hit Derek VRATRC! 


cs tna id oer aad Ve uo! 
“ 


° canes oe vé& ) a ™ maAn = | i, a ¥ % 
wv heekingine s Mylerows p EAT Et 
. 'S, €. heer a, Doerr cee SRA Led, 


: c ‘ - ; 
-. > . Crates e i LA o| ee « Hs) 4 ei 

ae oy! =4 Chuan y 12) 4 # ra , ¥ 4 ravens ’ 

# Me, ghd ah, PS) ue De wai , _ APPENDICES 


bee by. 

a Wy toes, | 

‘ Ae i, dosden, th Conouloa: 
2 4, Pandy oad 2.8.. Wow 
» Be Wr ‘Mac: sald, Gtean GF 
she Yoree, 07 aon |) 7 

| 2. elle, D1 (0... Vangie 

¢ Bi: Di, Paton, © ear . ry vA 
4h, Smith, <.0-8. (inbentcdal tae 
- Bs Thomas, Fopeoiach Kerwhees bls 
LAS os them peste, Crew Chewda 
| Bs tami.) Cantese bu tes Vawfouver 
ipa’ &.V.5,. Conaulewaba,’ Sor 
aa atone, bP .0., Watt Wantrouy: 

BA as , Mebieee Sebrocky SRATEGH Lid t 


@, Ctean Chemistry, 1.0. 
pangs’ Nae L00 Mesdel Led... 


i, 


en, ry ae 
eae: gid 


—rras ANCE LioT 


vi 


Ps" 


’ _ 


7 - TA 


7 — 
marete 


\* _ o ‘ 2. ae oa, eye alias 
sas 


yr AR: a > See 
t ae tre Ti ee woe rari 
| | 
i 


_ 
i ws = 
« ’ aad ° ‘ 2. MG 7 
i "> , 
wary ! 4 , 7 ° To 


| 9.8 
{'?-t«@ ] y 
ha 3 a 
} ne 
i ; se ef? 
h | 4 fe 
ex rave 
a 
: 
Lie 
» (@ 
i 
i> { 
if 7 
Ls. | 
ii ‘ ory 
\ 
he 4 a 
% 
i 
i, 
oé@ 173, 


ALI stulyses reported ai mg kg"? tae eat 


perIeLrioe 
eee 


im 


tom Fable 


ee ¥) 


| on — cn a 


wae 


. 
LA 


: 


r.65 7m 
«93.9, , 
Le : 


ro 162, % 


i yn i i 
‘70.4 inayt - ma ¥ 
; .¥ 


ew bad aeeraps Where orherwig 
jer 

ee a 
a ys - 


4. 


=.5 Wen 


APPENDIX I 


OCEAN DUMPING WORKSHOP ATTENDANCE LIST 


R. O. Brinkhurst, Ocean Ecology Laboratory, I.0.S. (Workshop Chairman) 


C. D. Levings, P.E.I., West Vancouver (Workshop Secretary) 


E. P. Anderson, Dobrocky SEATECH Ltd., Victoria 
Berrang, Seakem Oceanography Ltd., Victoria 
R. Buckingham, Dobrocky SEATECH Ltd., Victoria 
C. Byers, Dobrocky SEATECH Ltd., Victoria 

A. Crerar, Beak Consultants Ltd., Richmond 
Doyle, Chemex Labs Ltd., Vancouver 

English, Plumper Ocean Projects 

M. Farmer, Coastal Zone Oceanography, I1.0.S. 
Harbo, D.F.O., Vancouver 

A. W. Hoos, E.P.S., Vancouver 

J. Jordan, Beak Consultants Ltd., Vancouver 
M. Landucci, E.P.S., West Vancouver 


W. Macdonald, Ocean Chemistry, le Ones 


Morse, Chemex Labs Ltd., Vancouver 

Nelles, D.F.0O., Vancouver 

D. Paton, Ocean Chemistry, I.0.S. 

R. Smith, [.0.8.. Cindustyial Liaison Officer) 
Thomas, Econotech Services Ltd., New Westminster 
A. J.'‘Thompson, Ocean Chemistry, 1.0.5. 
Timun, Cantest Ltd., Vancouver 

Vigers, E.V.S. Consultants, North Vancouver 
Waldichuk, D.F.0O., West Vancouver 

T. Webster, Dobrocky SEATECH Ltd., Victoria 
S. Wong, Ocean Chemistry, I.0.S. 
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Young, MacMillan Bloedel Ltd., Vancouver 
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APPENDIX II 


1977-78 CONTRACT MANUSCRIPT REPORTS 


A. Biology 
Ref. DSS File No. O8SS. KF833-7-1210 $27,000.00 


Marine biological sampling and observations of temporal changes 
in benthic communities and benthic respiration at a dumpsite in 


Port Alberni. 


Scientific Authority: C. D.ehevings (BoE: x) 
R, -0. Brinkhurst u(1.0. 5.) 


Contractor: Beak Consultants Ltd. 


Suite 602 - 1550 Alberni Street 
Vancouver, B. C. V6G 1A5 


Contract Amendment to OSS76-02122 
RN KF832-6-0873-FC, 2-03-3140-711-0432 S$ 6,200.00 


(Addition to 1976-77 contract to study leachates from dredge 
spoils containing wood waste.) 


Additional sampling and analysis required. 

Scientific Authority: H. Rogers (P.E.I.) 

Contractor: Econotech Services Ltd. 
852 Derwent Way 


Annacis Island 
New Westminster, B. C. 


a 7 ee 


1977-78 Contracts (continued) 


B. Chemistry 


Ref. DSS File No. O8SS. KF833-/-1271 $ 9,000.00 


Collection and analysis of seawater Sis undisturbed sediment 
cores in Alberni Inlet. 


Scientific Authority: R. W. Macdonald (1.0.S.). 
Contractor: Chemex Labs Ltd. 

212 Brooksbank: Avenue 

North Vancouver; B. C. V/J 2Cl 


Ref. DSS File No. 08SS. KF833-7-1269 $ 5,500.00 
Variability in analytical results on dredged spoils and marine 


sediment in connection with the validity of presently prescribed 
criteria. 


Scientific Authority: R. W. Macdonald (1.0.S.) 
Contractor: Chemex Labs Ltd. 

212 Brooksbank Avenue 

North, Vancouver, B.C. °V/J, 2Ci 


Ref. DSS File No. O8SS. KF833-7-1277 $ 4,000.00 


Analytical support for a study of mercury biotransformation 
in anoxic estuarine sediments. 


Scientific Authority: J. A. J. Thompson (1.0.S.) 
Contractor : 


Wiltis, Cunittte,, Tate: «Co. Ltd. 
827 Fort Street 


Victoria, B..C. V8W 1H6 


a. Hare 


1977-78 Contracts (continued) 


C. Physics 
Ref. DSS File No. O08SS. KF833-7-1367 $22,000.00 
Oxygen budget studies in Alberni Inlet. 
Scientific Authority: W. H. Bell GhF0 1S) 
Contractor: Dobrocky SEATECH Ltd. 


135 Kingston Street 
Victoria, B. C. V8V 1V4 


D. Administration 
Ref. DSS File No. O8SS. KF832-7-1004 $ 6,200.00 


To review and record activities relating to ocean dumping on 
the west coast. 


Scientific Authority: R. O. Brinkhurst 


Contractor: K. E. Conlan 
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Appendix III 


1978-79 CONTRACTS 


Biology 
Me Rei DSStFade No. OSSS2  KFS33-7-1210 $27,000.00 
Aopee DSS File No. O8SB. KF833-8-0248 $29,010.00 


Marine biological sampling and observations of temporal changes 
in benthic communities and benthic respiration at a dumpsite in 
Port Alberni. 


BCLeNLALIC AULNOFILY: wo, Ds Levings (P. BLL.) 
nee Tae Lipeate Consultants Ltd. 
2 «nbpesaky SEATECH Ltd. 


Ref. DSS File No. O8SB. KF833-8-0248 
Amendment $1,372.00 


(a) Review literature on the reproductive ecology of selected 
invertebrates from a dumpsite in Alberni Inlet. 


(b) Verify identification of invertebrates performed by others 
working at Alberni Inlet and compare identification with current 


studies. 


Scientific Authority: C. D. Levings (P.E.I.) 


Contractor: Dobrocky SEATECH Ltd. 
Chemistry 
Ref. DSS File No. ‘07SB. | )KF833=8-0590 $ 6,300.00 


Analysis of sediment samples for polychlorinated biphenyls. 
Scieucisic AUtnority: | Ro wesmacdonald CLvOls 7) 


Contractor; Seakem Oceanography Ltd. 


Cae fa 


1978-79 Contracts (continued) 


B. Chemistry - continued 
Ref. DSS File No. O7SB. KF833-8-0591 $ 7;5308.00 


Determination of the lead methylating capacity of Pacific coastal 
marine sediments. 


Scientific Authority: J-A.J Thompson (1.0.S.) 


Contractor: Beak Consultants Ltd. 


Ref. DSS File No. O7SB. KF833-8-0592-1 SLOVa2L EES 


Development of a meaningful criteria for ocean disposal of 
dredged or sedimentary material - Part I. 


Scientific Authority: R. W. Macdonald (1.0.S.) 


Contractor: Can Test Ltd. 


Ref. DSS File No. O7SB. KF833-8-0592-2 SLO, 241525 


Development of a meaningful criteria for ocean disposal of dredged 
or sedimentary material - Part II. 


Scientific Authority: R. W. Macdonald (1.0.S.) 


Contractor: Seakem Oceanography Ltd. 


Ref. DSS File No. O8SB..).KF83378=1577 $ 1,377.00 


Analyses of samples of marine holothurian, Molpadta tntermedia 
for the determination of copper, zinc and cadmium. 


Scientific Authority: J.A.J. Thompson (f.0.S.) 


Contractor: Gary ‘Festi (Ltdy 


aay Ls 8 


1978-79 Contracts (continued) 


C. Physics 
Ref. DSS File No. O7SB. KF833-8-0594 $ 7,980.60 
Examination of the variability of upwelling on the West Coast 
of Vancouver Island and its relationship to the flushing of 
Alberni Inlet. 


Scientific Authority: “W.~N. Bell (1.0.S.) 


Contractor: Beak Consultants Ltd. 

Ref. DSS File No. O7SB. KF833-8-0593 $ 4,402.00 
Examination of evidence for an internal tide in Alberni 

Inlet. 


Sctentit 1¢ Authority sew. Ns bells (10.5%) 


Contractor: - Seakem Oceanography Ltd. 


D. Administration 
Ref. DSS File No. O7SB. KF833-8-0459 $ 8,435.00 
Support for the West Coast dumping program. 
Scientiric Authority: “RR. Os Brinkhurst <1.0.5.) 


Contractor: Dobrocky SEATECH Ltd. 


For H.Q. Office $ 2,500.00 


Annotated bibliography of Canadian papers and reports bearing 
on Ocean Dumping. Part II: Pacific Region. 


Scientific Authority: D.S, Bezanson (Bedford Institute of Oceanography) 


Contractor: Catherine Moyse 
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APPENDIX IV 


LOCATIONS OF SCIENTIFIC AUTHORITIES 


leew ae. 


Environmental Protection Service 
Kapilano 100, Park Royal 
West Vancouver, B. C. V/T 1A2 


Department of Fisheries’ and Oceans 
Habitat Protection Directorate 
1090 West Pender Street 

Vancouver, &. Cy. - VOB 2PL 


Institute of Ocean Sciences 

Department of Fisheries and Oceans, Patricia Bay 
P. O. Box 6000 

9860 West Saanich Road 

Sidney. Bb. Gl sVsl 452 


Pacific Environment Institute 
Department of Fisheries and Oceans 
4160 Marine Drive 

West Vancouver, B. C. V/V 1N6 
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Department of Fisheries and Oceans 
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OCEANOGRAPHIC OBSERVATIONS AT OCEAN STATION P 
16 June - 2 August 1978 
Volume 92 


Institute of Ocean Sciences, Patricia Bay 
Sidney, B.C. 
1979 


This is a manuscript which has received only 
limited circulation. On citing this report 

in a bibliography, the title should be followed 
by the words "UNPUBLISHED MANUSCRIPT" which is 

in accordance with accepted bibliographic custom. 


ABSTRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data only 
are shown, including surface observations and profiles obtained with bottle 
casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


2 Canadian operation of Ocean Weather Station P (Latitude 50°00' N,Longitude 
145°00' W) was inaugurated in December, 1950. The station is occupied primarily 
to make meteorological observations of the surface and upper air and to provide 
an air-sea rescue service. The station is manned by two vessels operated by 
the Marine Services Branch of the Ministry of Transport. They are the CCGS 
Vancouver and the CCGS Quadra. Each ship remains on station for a period of 
Six weeks, and is then releived by the alternate ship, thus maintaining a 
continuous watch, 


Bathythermograph observations have been made at Station P since July 1952. 
A program of more extensive oceanographic observations commenced in August 
1956. This was extended in April 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and Swiftsure Bank. 
These stations are known as Line P Stations. The number of stations on Line P 
has been increased twice and now consists of twelve stations (Fig. 1). Bathy- 
thermograph observations and surface salinity sample collections, in addition 
to being made on Line P oceanographic stations, are also known as Line P BT 
Stations. Data observed prior to 1968 have been indexed by Collins et al (1969). 


The present record includes hydrographic, continuously sampled STD and 
surface salinity and temperature data collected from the CCGS Quadra during 
the period 16 June to 2 August 1978. 


All physical oceanographic data have been stored by the Marine Environ- 
mental Data Servifes Branch (MEDS), Department of Fisheries and Oceans, 240 
Sparks Street, 7° Floor West, Ottawa, Ontario, Canada, K1A OE6. Requests 
for these data should be directed to MEDS. 


Biological and productivity data are published in the Manuscript Report 
series of the Department of Fisheries and Oceans (DFO), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to DFO. 


Marine geochemical data are for the Ocean Chemistry Division, Department 
of Fisheries and Oceans, Institute of Ocean Sciences, P.O. Box 6000, Sidney, 
B.C., Canada, V8L 4B2. 


PROGRAM OF OBSERVATIONS FROM CCGS QUADRA, 16 JUNE - 2 AUGUST 1978 (P-78-5) 
(MEDS Ref. No. 15-78-005 


Oceanographic observations were made by Mr. T. Juhasz of Seakem Oceano- 
graphy Ltd., Sidney, B.C. 
En Route to Station P 


All full Line P Stations were occupied and an STD profile made to near 
bottom or 1500 metres. BT's were completed at all full and half stations. 
Weather and sea conditions proved favourable for the entire Line P outbound. 

Hydrocasts were made at Stations 6 and 10 to 1500 metres. 

Samples for nitrates, nutrients, alkalinity and total C0, were collected 
at all whole stations from the seawater loop. Loop salinities were ccllected 
at all whole and half stations. A bucket salinity sample was collected at 


Stations 1 and 5. Surface bucket temperatures were taken at all whole 
Stations. 


Surface tarball tows were completed at all even-numbered stations. 
The thermosalinograph, surface temperature recorder, PCO, system and 
EDO sounder were run continously. 
On Station P 
The oceanographic program was carried out as follows: 


Physical Oceanography 


1) Profiles for salinity, temperature and oxygen were obtained from 2 hydro- 
casts to 4200 metres and 4 hydrocasts to 1500 metres. These major casts 
were accompanied by a 1500 metre STD. 


2) An STD was taken daily to 300 metres and twice weekly to 1500 metres. 

3) BT's were taken every 3 hours to coincide with meteorological observations 
and encoded and transmitted according to the IGOSS format. XBT's were © 
taken on days of rough weather. 


4) Surface ocean bucket temperature and a seawater loop salinity sample 
were taken daily at 0000 hrs GMT. 


5) ~The surface temperature recorder and the thermosalinograph were run daily 
and marked at 1700 hrs GMT. 


6) Fifteen extra STD profiles were obtained to 300 metres from the triangle 
grids set up by Cruise 15-77-006 as part of the MILE Program. 


r2) 
3) 


Marine Geochemistry: 
two 05 profiles to 4200 metres and four 05 profiles to 1500 metres. 
one alkalinity profile to 4000 metres. 


two nutrient profiles to 500 metres and a set of nutrient samples from 
the seawater loop at 0000 hrs GMT every third day on station. 


One tritium profile to 500 metres accompanied by a surface bucket 
sample and a rainwater sample taken on the first possible occasion. 


three seawater C-14 samples were taken from the seawater loop. These 
loop samples were accompanied by duplicate 5 litre air C-13 samples. In 
addition a 500 metre seawater C-14 profile was completed using the 
Hydrobios sampler. Both the loop samples and the 500 metre samples 

were also accompanied by a seawater C-13 and a total C0. Sample as wel] 
as salinity and temperature observations. 


twenty-four 2 litre and six 5 litre air CO, samples were taken for the 
Ocean Chemistry Division, I.0.S. and an additional sixteen 2 litre 
Samples were taken for Scripps Institution of Oceanography. 


a hydrocarbon sample was taken during the first week on station 
and the last week on station. 


Six tarball tows were completed on station. 
two 75 metre profiles for chlorophyll a, as well as a weekly loop sample. 
Chlorophyll a samples were taken in triplicates of 250ml of filtered 
Seawater. 

ten samples of rainwater for Pb-210. 

a weekly surface cast for particulate organic carbon (P.0.C.) and two 
profiles to 1500 metres at ten depths each for P.0.C. were completed, 
totalling 24 samples each of 5 litres of filtered seawater. 

two 3000 metre casts for alkalinity standard seawater were taken. 

the PCO, system was operated continuously. In conjunction with the PCO, 


programhe twelve carboys of seawater were taken from the seawater loop. 


Biological Oceanography 


daily 150 metre vertical plankton hauls, using the SCOR net, for a total 
of 41 samples. 


Six Secchi disc readings taken at local noon. 


Six nitrate samples from the seawater loop, one weekly. 


En Route from Station P 


Line P inbound was modified to make up time CCGS Quadra lost while 
tending the NOAA buoy at Station Centre awaiting relief by CCGS Vancouver. 
The extent of the modification was: 


1) the first Line P 1500 metre hydrocast was completed at Station P 
while waiting for the Vancouver. 


2) the second Line P 1500 metre hydrocast was completed at Station 7 in 
a single cast using all available bottles. This resulted in the 
omission of 4 depths. 


3) tarball tows were cancelled. 
4) BT's at half stations were replaced by XBT's. 


The Line P Stations 1 to 12 were occupied and an STD profile was made to 
near bottom or 1500 metres. BT's were taken at all full stations. 


The surface temperature recorder and thermosalinograph were run 
continuously. The PCO, syatem was run continuously from Station P to Station 54, 


Samples for nutrients, nitrates, alkalinity and total C0, were collected 
from the seawater loop at all whole stations. Loop salinity s4mp les were 
collected at all whole and half stations. Bucket salinity samples were col- 
lected at Stations 5 to 1. Surface bucket temperatures were taken at 
SLALIONS I Ze tO. L. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Department of Fisheries and Oceans, Pacific Biological: 
Station, Nanaimo, British Columbia, Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


3) Air CO, samples were taken weekly in duplicate for Scripps Institution 
of OceSnography, La JON, Lalinfornia, U.S.h. 


OBSERVATIONAL PROCEDURES 


Observations for salinity, oxygen and tamperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 metres or 


greater. The accuracy of protected reversing thermometers is believed to be 
£0,02 °C. 


The daily surface water temperatures were measured from a bucket sample 
uSing a deck thermometer of +0.1°C. accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
Operational these samples were obtained with a bucket, and are indicated with 
a 'b' in this data record. 


Salinity determinations were made aboard ship with either an Autolab 
Model 601 Mark III inductive salinometer or a Hytech Model 6220 lab saling- 
meter. Accuracy using duplicate determinations is estimated to be +0.003 ~/oo. 


Depth determinations were made using the "depth difference" method des- 
cribed in the U.S.N. Hydrographic Office Publication No. 607 (1955). Depth 
estimates have an approximate accuracy of +5 metres for depths less than 1000 
metres, and +0.5% of depth for depths greater than 1000 metres. 


The dissolved oxygen analyses were done in shipboard laboratory by a 
modified Winkler method (Carpenter, 1955). 


Line P engine intake continuous temperature on both ships was recorded 
by a Honey well Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
is believed to be +0.1 C. 


Each ship is equipped with a Plessey Model 6690-T thermosalinograph 
which is used, on Line P, for continuous recording of surface temperatures and 
salinities from the ship's seawater loop. The temperature probe is mounted at 
the seawater loop intake (approximately 3 metres below the surface) and the 
Salinity probe and recorder are situated in the dry lab. The accuracy Ot. this 
instrument is believed to be +0.1 °C for temperature and +0.1 ~/oo for salinity. 


STD profiles were taken with a Plessey Model 9006 STD system. 


COMPUTATIONS 


All hydrographic data were processed with the aid of a UNIVAC 1100 
computer. Reversing thermometer temperature corrections, thermometric depth 
calculations and accepted depth from the "depth difference" method were 
computed. Extraneous thermometric depths caused by thermometer malfunctions 
were automatically edited and replaced. A Calcomp 565 Offline Plotter was 
used to plot temperature-salinity and temperatute-oxygen diagrams, as well 
as plots of temperature,salinity and dissolved oxygen vs 10g, 9 depth. 

These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data 
record are indicated with a plus. These data have been removed from punch 
card and magnetic tape records. 


Analog records from th salinity-temperature-pressure instrument have 
been machine digitized, then replotted using the Calcomp plotter. 


Digitization was continued until original and computer plotted traces 
were coincident. Temperature and salinity values were listed at standard 
pressure; integrals (depths, geopotential anomaly, and potential energy 
anomaly) were computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degree Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 

SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 9 

POT EN is potential energy in units of 10° ergs/cm 

OXY is the concentration of dissolved oxygen exoressed in milli- 
litres per litre 

SOUND is the velocity of sound in m/sec 


Data were processed for publication by Interact Computing Services Ltd. 
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LOG OF HYDROGRAPHIC AND STD OBSERVATIONS 


Station | Date Mrivarecactts Gonnentea.: 
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LOG OF HYDROGRAPHIC AND STD OBSERVATIONS (continued) 
NConsec # | Station Date Time (Z) | STD (m)}Hydrocast ( 
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LOG OF HYDROGRAPHIC AND STD OBSERVATIONS 


continued) 
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Oceanographic Data Obtained on Cruise P-78-5 


(MEDS Reference No. 15-78-005) 


Results of Hydrographic Observations 


(P-78-5) 
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Figure 2. 
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Figure 3. 
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Figure 4(a). 
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Figure 4(b). Composite plot of temperature vs 1ogi9 depth for 
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Figure 5(a). 


A 
3 
x 
x 
Za 
yf 


Composite 
Station P. 


18 


plot of 


Salinity vs 10949 depth for 


30.50 


-WwWo~jJd 


DEPTH.METRES 


rwoo~j3d ol > 


Figure 5(b). 
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Figure 6(a). 
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Figure 6(b). Composite plot of oxygen vs 1094 depth for 
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OFFSHOKE OCEANOGRAPHY oROUP 

RERERENGCE (NOewiG=) 5— of DAMES ei 7i 197 7.8 GMT 
POSITION 49—= 200 Ne 130-40.0 W : 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SA LEPTH SIGMA SVA THETA 


T 
0 Gl2685 7320549 0 G24 nn94. Sovet |. b2 385 

VOPR Lene) Wo2e545 10 Get e5O5) PSo4 5". 12 IP 
Un elete eS oe 20 Sete OU BOOS Le 25 
SO Leo BS2 soc 50 E2Zoe0Oo) s295~e8  t0'5d 
50 G95 329592 50) Wo eA66 yee 02 8.94 
Vs Bess Oeeled 75 2d0e467 253-4 8-32 
101 70735 324954 LOO s2S%S1 2287 Uae 
126 UGEEY SAGA) 1255 T2060 25)) G20 35 7238 
150 7234 334576 VEO S2o ite Lili? oo 7233 
D755 7e2l 33-738 LG T2Oe SOG LOS 35 719 
199 6-92 33-890 198° (2o0078) 149.6 6-90 
249 6643 33-930 247 2646675 140.9 6641 
298 5684 334932 296) F20e Oe loo 5-81 
S97 4.72 34.057 394 20.982 112-4 4.69 
494 4.57 34.059 490 27.000 111-5 4.53 
599 4.04 342325 594 27.268 86.7 4.00 
802 3656 344347 195 Vereooh 81.3 3-50 
1005 3028 346364 Cee host 7824 3021 


1208 22695 344446 1196 27.470 69.9 2086 
1499 2648 34-2508 1483 27.561 61+6 238 
1509 2046 34.505 1493 27.560 6167 236 


OFFSHORE OCEANOGRAPHY GROUP 

REPERENCE NORWi8=) §5=" G7, DATE 17/ 6/78 GMT 
POSITION 49Q= 260 Ne 130-40.0 W 

INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
: if 

0 12.685 326549 OmeetSO4 (S54~e4 12.185 

10 &@2-82 32-543 LOm (24595 OS4eS 12.82 

20 12-25 32472 20 24.604 334.8 12.25 

30 10-651 32-625 SO) 2 Ie0So 29587 10e51 

50 8.95 32592 50 (25%266 27262 8.94 
Ths) Sooke) SAG 2 75) 256467 25344 8.32 
100 7e74H 320949 99 2 2whes 22902 7073 


125 7¢40 330257 124 26.015 202.0 7239 
150 Meot BSeoi/6 149 266274 177-9 7033 
175 7-21 334738 174 266419 164.5 7019 
200 6691 334891 199 26.580 149.5 6-89 
225 6.65 33-912 223 264.631 144.8 6263 
250 6641 334930 248 266677 140-7 6239 
300 5°82 33-935 298 26.757 13354 5079 
400 4.71 34.057 S97 (206983 1il2.4 4.68 


500 4.54 34.076 496 27.018 109.9 4.50 
600 4.04 344325 595 27.268 86-6 3-99 
700 3078 3435357 694 27.303 83-8 SietS 
800 30656 346347 793 280535 81.4 351 
900 3e42 34.2356 B92 (276555 798 3235 
1000 3029 34.2364 991 27.373 7865 3021 


1200 2-96 342443 1188 27.466 7002 2.88 
1500 2648 34-508 1484 27.561 61.6 2037 
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(THETA) 


354.4 
354.2 
334035 
293 «1 
271.3 
25261 
227.0 
199.3 
Liver 
161.6 
146.5 
Lif ote 
129.9 
108.0 
106.2 
80-9 
7425 
70.6 
61 04 
52e7 
528 


20.2 


SVA 


(THETA) 


35464 
35402 
33403 
29361 
271035 
25201 
227 6 
200.0 
17564 
161.6 
146.3 
141.4 
137.0 
129.4 
108.0 
104.6 
80.8 
774 
7426 
Mice 
T7007 
61-7 
Seer 


STATION 


DELTA 
U 
e000 
«36 
«70 

1-02 
1258 
lect 
228 
3239 
3285 
4.28 
4.66 
DOOM 
6-05 
7226 
8.34 
9.108 

11.06 

12.70 

14.21 

16.07 

16.14 


STATION 


DELTA 
D 
U0 
©3536 
70 
1.02 
1-58 
2024 
2-84 
3-38 
3085 
4.28 
4.67 
5.03 
5-39 
6.08 
7229 
841 
Are je) 
10-24 
11.06 
11.87 
12.66 
14.15 
16.08 


oO 


6 


POT. 
EN 
00 
02 
07 
015 
©3538 
81 

ies 

1.95 

2262 

3353 

4.07 

4.86 

Bild 

7-66 

11-96 
17.09 
22657 
28e21 
34252 
410649 
49.16 
05-83 
92-36 


OXY 


OxY 


SOUND 


1497, 
1497. 
1495. 
1490. 
1484. 
14ee. 
1451. 
1480. 
482, 
1461. 
1481. 
1479, 
1478. 
1475. 
1476. 
1476. 
1477. 
1479. 
1481. 
1484. 
1484. 


SOUND 


1497. 
1497. 
1495. 
1490. 
1484. 
1482. 
1481. 
1480. 
1481. 
1481. 
148:. 
1480. 
1479. 
1478. 
1475. 
1476. 
1476. 
POT 6 
1477. 
1478. 
1479. 
1461. 
1484, 


24 


10.00 


8.00 


C 
10-00 13.00 16 .00 


TEMPERATURE. 
00 


4.00 


7 


hl bs 


bas 


QTX 


wt 2 wc-oCcr- NWN 


FS 


DOTX 
Savi an etki ag 


hit 


w+ Wa wr-oore 


NW 1 
OO0TX 


w+ W 
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OFFSHOKE OCEANUGRAPHY GROUP 

REFERENCE NOS 7O=) 5=" 12 DATE M97 %6G/78 GMT 
POSITION 49-3420 Ne 138-40.0 Ww 5 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL vEPTH SIGMA SVA THETA 
T 

0 10-28 32-860 0, 2omess: eei2s ler 10628 
10 10-26 32-858 110, 25260) s272ied ' 10.26 
ZOE} Gig 2 32%.855 20) K2akesi e705, 10812 
30 9-16 32-819 SO 2die4 O25 Sica 9-16 
49 USD = YZ 0CSi/ 49 252620 23864 7-97 
74 6-98 32-876 7TH 250774 224e1 6.97 
29 6635 32-974 G87 256955) 2091 6034 
t23 6610 334495 22) 200570) LoteS 6.09 
148 6-06 334824 147 26.639 142.8 6.05 
er2 S.75 35-863 171 20.708 136-4 5°74 
NY 5048 33-867 196 F2Gent4) (1535/62 5046 
247 4.94 33-872 245 20-811 12742 4.92 
296 448 33-894 294 20.880 120-9 4.46 


596 Wels 35% 990 599) P2oeO9 1s) 1120 4.12 
507 3e91 34-084 SOS Peg. 090) 1064 3287 
602 3072 342159 597, Bile V69 ISON) 3268 
808 3e31 34.2176 801 27.222 9103 3025 
1011 2095 34-566 1001 27.406 7406 2-88 
1207 2669 34-429 LPLISE 2.480 683 2061 
1471 2¢36 34-497 1455 2-562 60.9 2026 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78=) 5— 12 DATE 19756778 GMT 
POSITION 49-5420 Ne 138-40.0 W 

INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
i 
0 10-28 32-860 Oo Be562538°  272et 1062s 
10 10.26 32-858 10 25-260 27261 10-26 
20° 1Glede ~S2e895 20s 2o~ecol) 2706s 1Oe12 
30 9.16 32.819 30 256410 258-2 9.16 
30 7-94 32-858 50) 2ose2ou scones 7293 
75 6-96 32-879 Tey AIO 22807 6296 
100 633 33-007 99 25.961 206.5 6-33 
125 6610 33-526 124 26.400 165-2 6.09 
150 6-03 33-827 149 260.645 142.2 6.02 
SUAS 5-72 33.863 174 262713 136.0 5-70 
200 5°45 33-867 199 26.748 13269 5043 
225 5216 33-870 223 26.784 129-46 5.15 
250 4.91 33-6874 248 26.816 126-7 4.89 
300 447 33-898 298 26-884 120-5 4.44 
400 4o.14 332994 SOT e2Or 99) Li Uler/, 4e1l 
500 3.92 54.079 496 27.084 10249 3-89 
600 3e72 342157 595. le lo, 956 3-68 
700 3-51 34.168 694 27.196 Seis 3046 


800 3e32 342175 795" tedieecec0 Sats 3227 
900 3614 34-267 892) Seoul 8343 3-07 
1000 209 O4e5ou 990 27.397 7504 2.90 
1200 2-70 34-427 1188 27.477 6865 2062 


SVA 


(THETA) 


27201 
27D 
2698 
257-6 
237-6 
223-0 
2078 
165-8 
140.8 
134.2 
130.7 
124.4 
UU) 
107.3 

97.8 

90-3 

8561 

67-26 

606 

52-6 


SVA 


(THETA) 


27201 
271-9 
269-8 
257-6 
Cole L 
222-6 
20562 
163.5 
140.2 
133.7 
130.3 
127.0 
123.9 
MT feet 
106.9 
98-35 
90.4 
87.6 
85-3 
7607 
6804 
60-8 


STATION 


DELTA 
U 
UU 
oc? 
Pho}e) 
Ol 
1.29 
WV SCIT/ 
2040 
2-85 
3224 
3-58 
3292 
4.56 
5-16 
6-33 
7edl 
Bed 
10.37 
12.05 
13-44 
15214 


STATION 


DELTA 
D 
200 
OrATs 
25D 
eSl 
1.30 
1.88 
2043 
2.89 
Seer 
3-62 
3-96 
4.28 
4.60 
5.22 
6237 
744 
8.43 
9.37 
10.30 
idikoa kts’ 
11.97 
13-359 


10 


OxY 


SOUND 


1489. 
1489. 
1488. 
1485. 
1481. 
1477. 
1475. 
1476. 
1476.6 
1475.6 
1475. 
1474. 
1473. 
1472. 
1473.6 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 


10.00 


8-00 


2-00 


x 0.00 


16.00 
& 


13-00 


Le 


CS 
Oo 
iiss 
0 
> 
h 
ao 
Lo 
LjO 
o_ 6 
ae 
uJ 
-— 
© 
Oo 
<P 
© 
= " 
- 
ip w c- Wor WN (3p zt IW wre-or AW Lop ws im we-wmo WN Lop) wa iW 
< OX OOTX OO0TX 


saulaW* HI dad 


ras 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE WO. 78- 5= 16 DATE 20/ 6/78 GMT 18.4 


POSITION 5S0—- e0 Ne 145= .0 W 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL VEPTH SIGMA SVA THETA 
T 
0) 8.86 3526748 O V2SRhO2eueSS:.5 8.86 
2) 6-81 . 324748 OZ eT OO MMA Sir9 8.81 
WS, Bes) Seefoe 19 "2533529 =9246 66 8.03 
28 7¢48 32-756 26 a0te O19 a2 5950 7648 
46 6648 326755 46 254-768 224.2 648 
69 D269, 320/98 OO 2D ei Bi Gilet orl: 5-68 
3S Del? 32-539 92) 29969" 205.4 9°16 
115 4.84 336272 114 20.348 169.6 4.83 
138 4.78 33-722 136 Reo 15565 4.77 
160 4.60 33-799 159 20.791 128.0 4.59 
1&3 4.41 353821 Be) on 829% 124.6 4.40 
229 Helo, D5 ed 2e7, veOeOSley LISS9 4.14 
274 Se95) oo 692 PUA Beyoekicsny altsycid 3-91 
SoH, 3-80 53-999 364 27.034 10664 Sov 
464 3676 34.2092 ACO ATA ALUN 99.8 3073 
567 OOS) Yel om Mey Irae 944 53-59 
805 3e17 34-300 798 27.4334 80.6 rere 
1007 2.90 34.380 997 27.422 73-0 2-83 


1208 2260 34-446 USWEKey WY H/icSi onl 66-0 2-52 
Low 2030 342514 1494 27.580 5902 2-20 
2016 2-00 34-585 1997 v2 .oot 52-6 1-86 
Zoe 1-76 34.628 2489 27.714 483 1.58 
3033 1.61 34.661 2989 ee (loc 4565 1.38 
3548 1.52 34.672 S492, Bele 167 44.8 ie 
4069 1.52 34.689 4000 c¢/7.781 45.0 1.19 
Gi7se “eso 54.692 4102 27.781 4525 1.21 
4268 1.52 34.685 4194 27.778 4507 1.617 
4278 342685 4204 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCERINO. 78= §5>= 116 DATE 20/ 6/78 GMT 
POSITION 50—- «0 Ne 145— .0 W 

INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
if 
0 8e86 32-748 0 256402 258-5 8-86 
10 B71 S20749 10 25-425 256.4 8671 
20 7-97 32752 20 F29%559) 24567 7-96 
50, 4235 32-760 SOM eoeOoln 257 30 Te55 
50 6633 32-787 SI) ASOT eso 6233 
US 5°55 32-809 C5 2S SONee 2 1 ie 7 5254 
100 5205 52-994 99 26.105 192.6 5204 
L25 4.81 33-4481 124 26.517 153-7 4.80 
150 4.68 33-765 149 7 "20.756" 15163 4.67 
175 4.48 33-813 174) [eos low 125.67 4.46 
200 4.31 33-834 TIO McoeeoOe Vacs? 4.30 
225 4.18 33-851 Lec micO6omle 2065 4.16 
250 4.05 33-872 246, (26.908 197 5 4.03 
300 S89 1556925 298 Vics Joom Lie.5 3287 
400 3e79 344033 39% S2te0oe, 104.0 3676 
500 3-71 34.2116 496 27.1356 9768 3-68 
600 3.50 34.180 595 Wiesel 2 922 3651 
700 3e35 34.243 694 27-4271 8601 Sisco 
800 Sei S4.297 ULE,  2USISN 80.8 3-12 
900 3e04 342340 892 2%. 5.8 7628 2.97 
1000 2091 34-372 990 27.2419 7303 2284 


1200 2661 34.443 1188 27.498 6663 Zisos 
1500 2eol Steol2 1484 27.578 59.4 2021 
2000 2-01 344583 1976 27.2659 52-8 1.87 
2500 1.77 34.626 2467 27.712 48.5 VeD9 
3000 1.62 34.659 2956 272750 4567 1-40 
3500 1.53 34-671 3445 27.4760 44.9 1.26 
4000 1.52 34.687 S955 200i? 44.9 1.20 
4100 1.53 34.690 4031 27.781 45e1 1.19 
4200 1.54 34.690 4128 27.780 45.6 1.19 


SVA 


(THETA) 


2545 
Aoniiras 
246.3 
238.5 
223-6 
Cop lyoye} 
204.4 
168.4 
134.0 
1263 
NEE ST 
11708 
112.6 
103-2 
95.8 
892.6 
74.6 
6601 
56-5 
50.9 
43.0 
Sie, 
B39 
BG 2! 
3065 
304 
306 


18.4 


SVA 


(THETA) 


2586-5 
256-2 
24564 
23026 
221.6 
210.9 
191.5 
152.4 
129.7 
124.0 
120.8 
118.2 
LU Siscc 
109.7 
100.5 
93.65 
87-2 
80.6 
7429 
70.4 
66-4 
58-8 
51.1 
4362 
Died 
34o1 
3263 
SO. 
30.4 
30-4 


STATION 


DELTA 
U 
«UU 
ec3 
e49 
ef/l 

Teel 3 
eos 
2el1l2 
2054 
2009 
3.18 
3047 
4.03 
4.56 
Seoo 
6-58 
7258 
9.06 
si arya) 

12-60 

14.48 

iol 

19.86 

22025 

24.456 

26.49 

Za wor, 

27e79 


STATION 


VELTA 
U 
00 
°26 
51 
075 

1eel 
Lens 5 
EL WAY 
2-70 
3.05 
SIO 
3268 
3.98 
426 
4.655 
5.93 
6094 
7-89 
8.78 
9.02 

10.40 

Ma Wes eS) 

12.55 

14-42 

17-23 

Lo. 75 

22-09 

24.35 

ZOie3o9 

27-204 

e749 


Ps 


POT. 
EN 
200 
eUl 
e05 
e10 
«cd 
e560 
°9o 

1640 

1-35 

2229 

2-80 

De 

Dis 

loa Rote! 

12.90 
18e15 
52202 
46.85 
02-66 
bBe/1 
139-43 
198.39 
205095 
34300 
434.22 
454.13 
472226 


p + 


POT. 
EN 
00 
eO1 
°05 
ell 
e350 
264 
Vrelit: 
1.60 
2.09 
2-62 
Bierce). 
387 
4.59 
6620 
10-04 
14.66 
19-99 
25.89 
3226 
39-2U8 
46034 
01-98 
87274 
137-74 
195-56 
261-30 
335-89 
421.54 
440.10 
459.30 


OxY 


7.14 
Tat 
7222 
Woot 
7239 
TEOZY/ 
6.69 
5.99 
3.80 
3.26 
2.90 
2.58 
Cleo 
1.89 
Ngee! 
My hs, 

239 

72 

SST 

254 

°52 

62 

el? 
1.33 
1.96 
2.56 
ACM 
3.24 
3.29 
3.32 


SOUND 


1483. 
1483. 
1480. 
1478. 
1474. 
1472. 
1470. 
1470. 
70. 
1470. 
1470. 
1470. 
1070s 
1470. 
1471. 
1473. 
PAT. 
1475. 
1476. 
f472. 
1478. 
1480. 
1484. 
1491, 
1498. 
1506. 
1514. 
1523. 
1525. 


DEPTH.METRES 


28 


GXYGEN,. MLZL 

0.00 2-00 4.00 6-00 8-00 10.00 
SALINITY. O/0 

30.50 31.50 32-50 33.5 34.50 35 -50 


TEMPERATURE, 
7-00 10. 


1.00 4.00 


ae) 


“elt 
YOLe1 
°OLnT 
S9LnT 
*cBhtl 
"nett 


GNNOS AXO 


d 


Se & 
cl?s 
pe ie aS: 
Le tl 
(Bas J 
00° 

Q 
Visa 


NOTLVILS 


G°c6 
Hell 
ooc9t 
0°6¢e2 
Eetse 
8°092 
(VY iaHt) 
VAS 


B°L2T 


69° 
66°C 
06°h 
98°9 
Sc°s 
66°83 


VLISHL 


LW9 


8°L6 

T°stt 
ae 
L°6¢2¢ 
G°*TS¢ 
8°09¢ 


VAS 


SSE Bis ies 
BL6°92 
cTth°oeg 
TTL°Ge 
62h°Se 
LLE°G2 
i 
VWOIS 


peat ae 


L799 /cc. JIG 


86h OMG sh home er Ee, c0S 
Foe SQ6°Eo " stort SOC 
eet Hoeece T6%h het 
TS Ii, 3a oa TS 
g¢ Gh cl - =So°s o¢ 
0 Chi Veen 66 °S 0 
Hida Ws dW3L SS3ud 
VLlVQ Q3ANASEO 
Vivd LSVD DJIHdDVY9ONGAH 
mort Nl Oe. oS NoILIsod 
6T -G -84 °ON 39N3U3434 


dNOY®S AHdVYSONVIDO SYOHS 450 


30 


10.00 


8-00 


GXYGEN, 
4.00 


2-00 


“ 0.00 


13.00 16.00 


C 
10.00 


TEMPERATURE. 
7-00 


4.00 


-t 
Wa OO f~-@0r--4 N m ws I wr-woo-e WN wT nm worwoo 


< O1X D0TX 
saylaw‘ HI dag 
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OFFSHORE OCEANOGRAPHY GROUP 


REPERENCE NO. (8=  S= Se DATE 26/ 0/78 GMT 19.0 


POSITION 50=—= 60 Wee ka5—= ~oth WwW : 
HYLROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL vEPTH SIGMA SVA THETA 
Ti 
0 Oy08) eel a0 Os 252 te 206 6] 9.38 
10 9.35 32-749 LOr (256825 9R2o Sie 9 9555 
20 9.30 32-746 FAW DOSISi lw Zosios 9230 
29 9.24 320755 29 j2o0547 | 264s) 9624 
49 Mot On ecw l 18 49 25-6651 232-6 710 
73 5e89 32-8U2 Us ees ces, 2a oly 5-88 
99 De So secIhs 95 20.002 202-4 Dowie! 
yas! 4.82 336413 122 20-462 158-9 4.81 
248 4.16 334869 24 20-894 118.9 4o14 
ASNT 4.01 53-923 Ney weve Saye" AWN SY T/ 3299 
4O1 3-81 34.027 398 27.055 104.7 3278 
497 Se7e 354-142 OS) 27 el oo 96-0 3-68 
603 Se53 342211 SIE) WAU R229) 89.6 53049 
805 Sie LO) S46 SA 7 798 2 Sk3 7902 3210 
1008 286 54-366 998 274428 7204 2e8l 


1210 20665 346443 1198 27.496 66.6 200) ONO} 
1503 2eS1 3425135 1486 27.579 59-3 2021 
Mis yi kee’ 2631 34-512 1496 27.578 5964 202i 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENGERNO. )/8= oS 2 DATE 26/ 6/78 GMT 
POSITION 50- «0 Ne 145= .0 W 

INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL UEPTH SIGMA SVA THETA 
T 
Dim Geoo sae /50 O Feo so2ly 526601 9.38 
10 9.35 32749 PO VZStS2o ) Zeno 9.35 
20 9.30 326746 (AN) PIG OOVIN™ VAISS) 9.30 
30 Oelon S20 (00 SO 8255 56600 262s 5 9-12 
50 7e06 S2e779 SO eS OS ien 2500 7205 
TAS) 585 32-810 TO) Ges OOO eZ ee 5°85 
100 Seam 526944 IOP Te Os OS to Jie S 5035 
Peo 4.82 3356445 124 2606487 15665 4.81 
150 We ISet Oo TOMO OO) ldoec 4.76 
IW gie) 4.59 33-807 174 26.799 127.4 4.57 
200 4e42 33-837 £99 «26, BO 0 237 HoH 
220 4.28 33-855 2eoe Oesn0 B L210 4.26 
250 4.15 33.872 248" 226.897" 118.7 4.13 
300 4.00 433-926 298 20.955 15'e4 3-98 
400 3-81 34.026 397 27.054 104.8 3-78 
500 3e71 346144 496, 22 fig 57/7 Secs) 3468 
600 3054 346209 595) eveecel. 89-8 3249 
700 5054 34-266 694 27.4290 B42 Oy ens, 
600 Sek? - SMe OLS 193 20.545 Us) Sie 1 
900 3e02 34-6351 892 27.388 7508 2096 
1000 2689 34-384 990 27.426 72.6 2.82 


1200 2264 346440 1188 27.493 66-9 2-56 
1500 2evol Of. Sli2 1484 27.578 5964 aecd 


SVA 


(THETA) 


26o0el 
AO Sei, 
265el 
263.6 
2Moe, 
ElSiem 
ZU Ihes 
157.6 
MS iiele 
T2569 
122.0 
lloeb 
111.0 
101.2 
SVAle) 
84.6 
USE 
6505 
59.0 
51.0 
Silver! 


19.60 


SVA 


(THETA) 


26661 
265.7 
26501 
261-8 
Cok eo 
214.3 
198.5 
15 Sec 
131.6 
125.6 
NTRS / 
118.9 
llo.3S 
110.7 
101.3 
916-4 
84.8 
oe te 
Taclors) 
6964 
65-8 
59eS 
51.1 


STATION 


VELTA 
Uv 
eU0 
eel 
TS) 
«7/8 
Lecd 
lede 
2254 
2078 
SRG) 
3.48 
Sir as: 
4.39 
4.97 
6010 
7-06 
8.05 
9.75 
Pets 
12.68 
14.52 
14.58 


STATION 


BELTA 
w) 
eU0 
eal 
003 
280 
GPRS) 
185 
Qo 
2.81 
Site WE 
3-50 
Disk 
4.12 
4.42 
5.00 
6.09 
Teas: 
8.02 
8.89 
9.70 
10.48 
eee 
12.61 
14.50 


Pr 


ROTue 
EN 
e00 
001 
eU5 
el2 
eo 
005 
Weide: 
1-60 
Jel tT 
22065 
3e22 
Yeo) 
6-21 
106c4 
14.64 
Ct WiG A US) 
32234 
Y6e4o 
62095 
Creare 
68264 


P 


POT. 
EN 
00 
001 
°05 
el2 
Oe 
008 
1014 
1.65 
els 
2269 
3029 
3.95 
4.68 
6-30 
10.19 
14.78 
19.97 
Payee bey 
31-99 
38-70 
4588 
61-50 
87-49 


OXY 


OxY 


6.89 
6.95 
6.87 
6.90 
a0 
7.16 
Gerd 
5.34 
4,07 
3.49 
SielS 
2092 
Zeon 
2.10 
rere 
1625 
Biles’ 
067 
258 
eho) 
253 
256 
Es: 


SOUND 


1465. 
14&%5. 
14B. 
1485. 
1477. 
E4736 
1471. 
1470. 
1471 ° 
1471. 
1470. 
1470. 
1470. 
1471. 
1473. 
1474. 
1476. 
1478. 
1480. 
14654. 
1484. 


SOUND 


1485. 
1485. 
1485. 
1485. 
1477. 
1473. 
1471. 
1470. 
1471. 
1471. 
1470. 
1470.4 
1470. 
1470. 
1471. 
1473. 
1474. 
1475. 
1475. 
1477. 
1478. 
1480. 
1484, 


DEPTH.METRES 


oe 


GXYGEN,. ML/L 
4.00 6-00 
SALINITY, Q/00 

32.50 33.50 
TEMPERATURE. #sC 
7-00 10.00 


m® S18 seo Gens 35 


34.50 


13.00 


10.00 


35 .50 


16.00 
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*elnt 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 78= 5S= 52 DATE 
POSITION 50- 0 Ne 145- .0 W 
HYDROGRAPHIC CAST VATA 
OBSERVED DATA 
PRESS TEMP SAL LEPTH SIGMA 
if 
0 Ooo) Seeley, 0 25 eco 
10 9.75 320729 10. 25.240 
“ant 9-65 32-728 Zl 2d 2e0 
OL TstS Seet7i So) (2oe5e5 
51 6-68 32-4800 51 e2omrb4 
76 5.89 32-818 76 25-868 
102 5-36 632-896 LOU. 256992 
126 UStiTMsy SIO SWS} 25" 20.569 
iNesyal 4.74 33.2709 VSO) es TAGS) 
TS) 4.64 33-802 174 26.789 
199 4.41 33-829 198 26.836 
248 els 3369871 246 26.898 
297 WSO TS S5e920 295 20.950 
397 384% 34.037 394 27.060 
505 3e70 346141 501 2hiel56 
622 Senl Gee? (CNY aU OE 
808 3el7 34-308 B01 |f76340 
1010 2e87 34.391 OG Om cunt Oo 
Per) 2060 34-450 1199 27.504 
S13 2-30 34-518 1496 27.584 
2018 1.99 34.588 1993 27.665 
2525 1.77 34.631 2491 27.716 
5038 1-62 34.656 2994 27.747 
3558 WES AMS yas S50icmeele 7 10 
4088 1-52 34.683 4019 27.776 
4195 12-55 34.683 4123 27.774 
4292 1.54 34.683 4218 27-775 
4303 34.683 4228 
OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO. 78- 5= 52 DATE 
POSITION 50- «0 Ne 145= .0 W 
INTERPOLATED TO STANDARD PRESSURE 
PRESS TEMP SAL VEPTH SIGMA 
if 
0 9.79 32-727 OT F256 267 
10 9e76 320729 10 25.240 
20 9.66 32-728 Ae Zan ess) 
30 17e¢94% 32-767 30 25.554 
50 6074 326798 SOM ee oe G5 
75 5.93 32-817 Ws) Peace 
100 52039) 6324-892 99 25.985 
125 4.80 33-302 Jeu, Aowsro 
150 4e74 33-694 149 26.693 
175 4.64 33-802 174 26.789 
200 4o41 33-830 199 20.837 
225 4.25 33-852 2235 26.871 
250 Weke, Soeors 248 26.901 
300 4,00 33-924 298 26.953 
400 3-84 34.040 397 27.063 
500 Seu OS Lov 496 27.152 
600 3054 34.2195 Sey 2 se aG) 
700 3036 34-252 694 27.278 
800 3-18 34-304 795 (276555 
900 3-05 34.348 892 2%.585 
1000 2088 34.387 990 27.429 
1200 2e61 34-447 1168" 274500 
1500 aebi O24 51:5 1484 27.581 
2000 2000 34.586 1976 27.662 
2500 1.78 344.629 2467 276714 
3000 1.63 34.654 2956 270745 
3500 1.53 34.673 3445 27.767 
4000 1.52 34.682 S939 2701S 
4100 1-52 34.683 4031 27.776 
4200 1.55 34.683 4128 27.774 


Sf 1778 


SVA 


274 el 
274.0 
e?2e3 
241-65 
22566 
215.0 
20363 
SSG, 
136.2 
128.4 
124.1 
118.5 
114.0 
104.3 
95.9 
89-8 
80.0 
Tce, 
65-7 
58.9 
5263 
4Be2 
46.0 
44.6 
4504 
4602 
4603 


B/ 178 


SVA 


27401 
274.0 
27264 
244.64 
226.4 
21565 
2040 
167.0 
13783 
128.4 
124.0 
120.9 
15.2 
113-6 
104.0 
962 
90.9 
854 
B04 
76-4 
72.3 
6601 
5961 
52.5 
4Bo4 
46.2 
44.8 
4563 
4565 
4602 


GMT 20.1 
THETA SVA 
(THETA) 
9.79 274.1 
SRS Meo. 8 
Sis ee res 
7e75 241-0 
6.68 224.9 
5-88 214.1 
Soo cles 
4.77 164.6 
4.73 134.6 
4.63 126.5 
4.40 eee) 
ES ali tesra! 
3699 111-2 
3681 100-7 
3°66 91-5 
3047 4.7 
Sow 74.0 
2.80 65.0 
ae Se 58e2 
220 50.6 
e835 4ee7 
1.59 37-6 
1.239 3463 
1.24 OW) 
1.19 SUies 
1-20 31.0 
1.18 30-9 
GMT 20-1 
THETA SVA 
(THETA) 
9.79 274el 
SVAThs)  2aowras) 
9766 e72e0 
7e94 243-9 
Oxo) Tee et 
5-92 214.6 
5-38 202.9 
4.79 165.7 
ets 15907 
4.603 12665 
4.39 122.0 
4.2% 118.8 
etd Hp S.9 
S296  LL089 
Si TOO S 
3.67 91.9 
3250 859 
331 7909 
oel13 74H 4 
2096 69.6 
2282 6564 
2-53 54.6 
2e21 50.9 
1-86 42.9 
1.60 37-8 
1-41 34.6 
1.26 Seec 
1-20 Sel 
1.19 ©) One, 
1.20 31-0 


STATION 


DE Ris 
8) 
UU 
cB 
058 
0 O4 

alee ys! 
1-46 
2239 
2.83 
3e2l 
wise) 
3-83 
gi? 
4.99 
6-08 
Vroie 
GES. 
9.82 

Wilts oS 

SAS THe) 

14.60 

17641 

19.95 

22256 

24.7] 

27.09 

2758 

2802 


P 


Pos 
Liv 
200 
eOl 
°06 
013 
033 
069 

Sed yf 

1.68 

2022 

2e74 

Dice 

4 e606 

6025 

10.10 
eSe Oe 
21e30 
By TL 
46.389 
62°56 
68250 
139-01 
197.74 
266.08 
345414 
437.86 
458 «54 
477.64 


STATION lee 


DER WA 
D 
«00 
«28 
rho) 
e8l1 

1.28 
1-83 
2a 
2.42 
3.20 
B25D 
3.84 
4.15 
444 
5-02 
6.11 
7-11 
8.04 
8.93 
9.76 

10.54 

11.28 

12.66 

14.53 

Dr eo 

MS eu eie: 

22218 

24.45 

26.609 

Ceo 

27-60 


POT. 
EN 
e000 
eOL 
°06 
el2 
sor 
°66 
1.13 
66 
2.20 
eo 14 
3634 
4.00 
4.72 
6235 
10-622 
14.61 
20.04 
25089 
32022 
38.99 
462017 
61-63 
87-36 
Loo oad 
194.66 
2600.65 
335.80 
421240 
440ell 
459.55 


OxY 


6.94 
Cou eli 
6.89 
7.28 
ae) 
Tord 
0.98 
Sr ile: 
4.32 
S06 
ey Asli 
2045 
2.05 
LS 
1.10 

88 

056 

049 

063 

«79 
1.38 
2.06 
2.54 
Syryajal 
SANG) 
3.34 
Dene 
3.40 


OXY 


6.94 
6.97 
6.90 
7224 
7235 
ere 
6.99 
5.80 
4.37 
5.66 
3.10 
2.74 
2243 
2.03 
1.51 
Pele 

92 

o 74 

057 

°53 

50 

Rie 

78 
1.36 
2.03 
2.51 
2.96 
Sa: 
3.30 
535 


SOUND 


1467. 
14657. 
THB 7. 
1460. 
1476. 
1473-6 
ey Le 
EEO 
LOT Ls 
1471. 
1470.6 
ENO i6 
1470. 
reg 
1473. 
1474. 
1476. 
1478. 
14680. 
1484. 
1491. 
1499, 
1507. 
pom SIA 
1524. 
1526. 
A ASY al airy 


SOUND 


1487.6 
1487. 
1487. 
1480. 
1470. 
1473. 
1471. 
1470. 
1471. 
1471. 
1470. 
1470. 
1470. 
1470. 
1471. 
1473. 
1474. 
1475. 
1476.6 
1A Tins 
1478. 
1480. 
1484. 
1491. 
1498. 
1506. 
Soy 7c) 
M5256 
1524, 
1526. 
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DEPTH.METRES 
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GXYGEN,. ML/L 
4.00 6-00 


0.00 2.00 8-00 10.00 
+ SALINITY, 8266 

30.50 31.50 32 .S0 33.50 34.50 35 .50 
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OFFSHORE OCEANOGRAPHY oROUP 

REFERENCE NOs 78- 5=- 08 DARE 07. W778 GMT 
POSITION 50- «0 Ne 145- .0 W 

HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL LEPTH SIGMA SVA THETA 
T 

LO” 10685) (320719 10 «625620507 29251) 91/0..185 
21 9.87 32-721 2! 2552198 262 9687 
Sy Bees  S2elad SL 25 e4v7o) Pebol .? 8.25 
Sil Aeissey SPAT oM! 5 Lee 2 D0 196m eo kee 6683 
76 5.92 32.799 76 25-849 216.8 5°91 
101 oe45 (326950 LOoF 2e.3021) — 201.6 542 
126 4.77 =334538 125 26.566 149.0 4.76 
150 4.70 334761 149 20.750 131-8 4.609 
174 4.52 33.797 173. 260.799 127644 4.51 
199 HeO0)) Oooo VIBE N26 842" Ve S5 a5 4.35 
250 4.10 33-878 248 20.907 1176 4.08 
303 3-98 33-939 SOM eco6e 96Gb le.3 3°96 
403 3-81 34-038 400 27.064 103.9 3078 
563 3e70 354.2133 S565 tai 61 50 96.9 3266 
607 S95 §«S4e2l3 602) 2752510 89-5 3049 
811 3e20 34-3507 804 27.336 80.4 3014 


1016 2-88 34-396 1006 27-436 Wf Wei 2081 
1220 2657 346448 U2070 (2.3505 656 2.49 
VSPS 2ee7 34-518 1496 27.586 58.5 2017 
1525 20627 34-518 1506) 27.586 58-6 aol? 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCESNO. 78= 5-68 DATE 10/ 7/78 GMT 
POSITION 50- «0 Ne 145= .0 WwW 

INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
a 
Q 11603 32-711 OF ey ONZE O ye 21:6: 0'5 
IO eNIOsES 32.719 10> 29%050) 292% 10.85 
20 9694 32-721 20 25-207 277644 9-94 
30 8e41 326725 SOP 20452 2542 Be41 
50 6290 32750 SOF (25 eC8ome col ec 6-90 
75 SiO) 2/197 TS “2a eS425 20745 5.96 
100 5044 322927 99° e220. 007) 20 led 5043 
125 4.79 334520 124 26.550 150-6 4.78 
150 4.70 33-761 149 26.750 131-8 4.69 
175 4.51 33-4798 174 26.800 12743 4.50 
200 4236 33-831 199 26.843 123-44 4.34 


225 4.22 33-856 2eoy beOw eT» VeUeS 4.20 
250 4.10 33-878 248 20-907 117-6 4.08 
300 3899 35956 298 26.6964  li2s6 53°97 
400 3-81 346035 397 27.061 10461 SSPE) 
500 374 34.2099 496 27.119 99.4 3-70 
600 3-56 34-2200 Sea AU GE! 90.7 Seid) 
700 SO2Y/  SheOrssh) 694 27.282 85-0 Die Se 
800 3022 346302 TIS? VAT wSS1 80.9 3016 
900 3-05 344348 892 27.383 7604 2099 
1000 2.90 34.390 990 27.429 7223 2283 
1200 2-60 34-6443 1188 27.499 6661 2252 
1500 2e28 34.515 1484 27.583 58-8 2-18 


19.7 


SVA 
(THETA) 
2955 
29139 
27566 
251635 
23065 
215.8 
200-5 
147.7 
SiO 
125.6 
121.5 
PU SiS 
109-5 
100.4 
92el 
84.5 
T4H eS 
647 
58.1 
50.3 
50-3 


Nery 


SVA 
(THETA) 
2955 
291.9 
277.0 
253567 
231.5 
216.5 
200-8 
149.3 
130.2 
L255 
121.4 
118.2 
115.3 
109.8 
100.6 
95.0 
85-7 
7925 
74.8 
69.9 
65-4 
58.7 
50.7 


STATION 


DELTA 
D 
eU0 
© 30 
ebl 
«88 

1-36 
1.92 
2043 
2087 
Olea 
3252 
32d4 
4.45 
5-U6 
6214 
7.674 
8.16 
9-87 

11-43 

12.82 

14.63 

14.609 


STATION 


DELTA 
D 
-00 
30 
058 
°85 

13a 
1.89 
2e42 
2.86 
Siew 
3.53 
3-85 
4615 
4645 
5-02 
(Siu tas 
WOW 
8.09 
8.95 
9.78 

10.57 

1 Leyes | 

12.69 

14.56 


p 


POT. 
EWN 
-00 
02 
007 
214 
eoO4 
70 

ler Ele) 

1.67 

2014 

2266 

326 

4.05 

6258 

10.26 
18-14 
20-01 
33.03 
47646 
63-32 
68.57 
89.49 


Pp 


POT. 
EN 
e00 
002 
e06 
013 
032 
268 

i. 15, 

1.65 

2214 

2268 

3228 

3.94 

4.65 

6027 

10.13 
14.78 
20-21 
252-93 
52027 
39.08 
4628 
o1e74 
87-43 


OXY 


6.94 
7203 
7.06 
Tape 
eS 
Vols 
O73 
5.01 
3.84 
3636 
eee 
OATS 
1.85 
1.27 
1.00 

rie: 

258 

250 

Ash) 

2/79 

e80 


OXY 


6.94 
LeOS 
7.96 
7230 
Teed 
Teonlls) 
6.74 
5.07 
3.84 
3.34 
2.92 
2.57 
2027 
1.87 
1.28 
1.106 


SOUND 


LO 1. 
1491. 
1487. 
1461. 
1476. 
1473. 
1472. 
1470. 
1471. 
1470.6 
1470. 
1470. 
1470. 
1471. 
1474. 
1474. 
1476. 
1478. 
1480. 
1464. 
1484. 


SOUND 


1491. 
1491. 
1488. 
1482. 
1477. 
1473-6 
1472. 
1470. 
1471. 
1470. 
1470. 
1470.6 
1470. 
1470. 
1471. 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 
1484. 


DEPTH.METRES 


wo IM Oo > 


1.50 


40 


GXYGEN,. Meat 
4.00 


00 
SALINITY, Q/0 
32.50 33.5 


0 
0 
TEMPERATURE. C 


4.00 7-00 10.0 


i 298 $28 tee 


8-00 


34.50 


13.00 


10.00 


35 .50 


16.00 


4) 


“heat 
*eLht 
"GL it 
°ELht 
°OLtT 
*olLnt 
*TLhTt 
*eLntT 
°06hT 
*cohl 


QNNOS 


AXO 


20°8e? 
Oh? Ot 
08°62 
9L°ST 
S9°9 
9G°¢ 
9T°T 
Noe 
60° 
00° 
N3 
°10d 


d 


OB HT 
rec meal i 
L9°6 
on’ L 
6¢°S 
e0°h 
on < 
6c°T 
a 
00° 

Q 
¥i130 


NOTLVLS 


L°0S 
19S9 
0°92 
T° 26 
h° TTT 
Pec | 
e°coe2 
rade 5h 25 
T*°682 
7° 862 
(vVLSHL) 
VAS 


Ut" 
08°? 
etre 
sore 
L6°¢ 
Ch*t 
Le°Gc 
LIS L 
o7 OT 
te° tt 


VISHIL 


LwS 


6°SS 
CG” Cals 
Z* 19 
S°96 
ot 
Ltpetl 
h° h0¢ 
6°hle 
i 6ec 
c*° 862 


YAS 


e8vS°lec 
bch Le 
6Te*L2 
USheie 
BhH6°9S¢ 
628°9¢ 
T86°G2 
9S69°Ge 
620°G2 
nBb* hd 
1 
VWOIS 


M 0° 


BL/L /eT J3LVG 


Bent HTG*he Bere SOST 
T66 2A: Sime es Raat TOOT 
eGSd SGotHe. fee 6S2 
60S BOL Hea Chey ets 
O0¢ ST6°ee 66°C cO¢ 
66T G2e*ee thet 002 
66 SBe*co. . Bet OOT 
OS OGL cr, Lek 0S 
a Trecce. {Soto ese 
0 IL Lice Se PU 0 
Hilda AVS dw3al SS3yd 
VIVO Q3AY83S8O0 
VLVG LSVD JIHdWHOOYOAH 
“Sor. “ 6” — = 0S NOILISOd 
ci -S -@£ °ON 3DN35U35354 


dNOYS AHdVYHSONVY 390 SAYHOHSISI0 


42 


10.00 


-00 


2-00 


‘“ 0.00 


16.00 


C 
7.00 10.00 13.00 


TEMPERATURE, 


4.00 


ws WW wWl-OO} 


lo wl-mor N m ws WD wre WN 


< OX DOTX 
sawlaW* HI dag 


OFFSHORE OCEANOGRAPHY GROUP 
78- 5S=— 86 


REFERENCE NO.» 
POSITION 


50> 


oO Ne 


145- 


HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS 


TEMP 


11.34 
11.33 
10.05 
8.16 
Worl 
6634 
5-61 
4.92 
4.79 
4.60 
444 
4.11 
3299 
3.80 
3269 
2) Gia)S) 
3024 
2.95 
2.67 
2032 
2032 


SAL 


32e712 
S20 LS 
S205 
52-733 
Sot S2 
52-778 
32957 
3363554 
33-699 
33-806 
33-826 
33-873 
33-930 
342036 
342137 
342207 
342302 
342378 
3406439 
34-514 
54-516 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO.} 
POSITION 50 


INTERPOLATED 
PRESS TEMP 
Oo 11.34 

10 «11.335 
20 10.05 
50° §6el1 
50 7216 
TS 632 
100 5.57 
125 4.91 
150 4.78 
175 4.59 
200 444 
225 4.26 
250 4eil 
300 3-99 
400 3.80 
500 3.69 
600 3053 
700 338 
800 3024 
900 3-10 
1000 2.96 
1200 2-69 
1500 2033 


OVINE M74 TAA Tae! 


00 W 


SIGMA 
Ti 
24.953 
24.960 
252198 
252495 
25-648 
25-780 
26.011 
26.404 
26.691 
20.797 
26.830 
20-902 
26.960 
27.063 
27.154 
27.225 
PCG GYBS) 
272416 
27.489 
27.579 
e7.580 


DATE 17/ 7/78 


SIGMA 
if 

24.958 
24-960 
25.198 
25-504 
252653 
25.786 
26.035 
26-419 
26.696 
26.798 
26.831 
26.869 
26.902 
26.960 
27.062 
Clete 
274225 
27.280 
27.327 
Cieote 
272412 
27.484 
21eote 


78- 5S- &6 
= 00 Ne 145= 20 W 
TO STANDARD PRESSURE 
SAL DEPTH 
32-712 0 
Sat S 10 
32-733 20 
326734 30 
320753 50 
32-783 75 
32-981 99 
Soeote 124 
33-704 149 
33-807 174 
33-827 199 
53-851 223 
33-873 248 
533-930 298 
34.035 397 
34.2135 496 
34-206 DoS 
540257 694 
34-301 Uwe 
342339 892 
342374 990 
346434 1188 
54-512 1484 


SVA 


300.7 
30066 
278-2 
250.0 
IOI Tf 
223-4 
201.6 
1644 
13764 
127-6 
124.6 
118.1 
113.0 
103.9 
96.0 
89.9 
81.2 
73-8 
6764 
594 
5903 


SVA 


300.7 
300.6 
27862 
24962 
235635 
2228 
199.3 
163.0 
137.0 
127-5 
124.6 
121lel 
11861 
113.0 
104.0 
96-2 
90.0 
85-3 
81-3 
TCS 
7401 
67-9 
59.6 


GMT 


THETA 


11.34 
11.33 
10.05 
8-16 
7219 
6.233 
5-60 
4.91 
4.78 
4.59 
4.43 
4.09 
3097 
3077 
3°65 
3049 
3°18 
2688 
2.59 
2022 
2022 


GMT 


THETA 


11.34 
14,555 
10.05 
8-11 
7-16 
6631 
5256 
4.90 
4.77 
4.58 
4.42 
4.25 
4.09 
3.97 
3077 
3266 
3049 
333 
319 
3-03 
2-89 
2061 
2023 


18.0 


SVA 
(THETA) 
30U 67 
300-4 
2778 
24965 
235.0 
22204 
200-4 
16561 
135.8 
125.8 
122.6 
115-8 
110.3 
100.4 

91.7 

84.9 

7520 

6667 

59.6 

51-0 

50-9 


18.0 


SVA 
(THETA) 
50067 
300 04 
277.8 
248.7 
234.5 
221.8 
198.2 
161.7 
13564 
125.7 
122.5 
119.0 
115.8 
110.3 
100-5 

91-9 

85.0 

7967 

7502 

70.9 

6761 

60-2 

51le2 


STATION 


DELTA 
D 
eU0 
e350 
°60 
083 

jus Sia 
1.90 
2042 
2.88 
3-26 
3259 
3091 
4.52 
5610 
619 
7.20 
8.12 
9.85 

11.45 

12.91 

14.74 

14.80 


STATION 


DELTA 
D 
00 
030 
©60 
86 
1.34 
1.92 
2044 
2-90 
3.27 
3-60 
3091 
4.222 
4.52 
510 
6018 
7.18 
8-11 
8.99 
9-82 
10.61 
or 
12.79 
14.70 


p 


POT. 
EN 
00 
02 
°06 
ele 
032 
208 

Aevkes 

1265 

2.18 

PRUE 

Poy.) 

4.73 

6°36 

10.6e7 
14.91 
20.08 
3240 
47e2l 
03674 
89022 
90.14 


P 


POT. 
EN 
©00 
02 
e06 
e013 
032 
°69 
1-16 
1-68 
2020 
2e75 
Boke! 
4.01 
4.73 
636 
10.22 
14-81 
20-02 
25-81 
32018 
39.05 
46.39 
62629 
88.53 


OXY 


Ow TS 
6.49 
ORT 
7229 
TWAS 
Thereby) 
6258 
Seay if 
4.44 
SY) S 
ree) 
2054 
1.94 
1.28 
295 
82 
Says 
ee 
Pye) 
3 18s 
074 


OxY 


6.75 
6.69 
7.07 
7229 
7e24 
7.02 
6.52 
951 
4.40 
3.53 
O09 
2.69 
2.34 
1.94 
1.29 
96 
°82 
69 
057 
054 
092 
0°53 
Par ge) 


SOUND 


1492. 
1492. 
1488.6 
1461. 
1478. 
1475, 
Wl i2ie 
AM lie 
WH Tle, 
Pe 7d. 
1470. 
1470. 
1470. 
1471. 
1473.6 
1474. 
1476. 
1478. 
14480. 
1484, 
1484. 


SOUND 


1492. 
1492. 
1488. 
1481. 
1478. 
1475. 
1472. 
1471. 
1471. 
1471. 
1470. 
~ 1470.6 
1470. 
1470. 
1471. 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 
1484, 


DEPTH.METRES 


44 


G@XYGEN, ML/L 
0.00 2-00 4.00 6.00 8.00 10.00 
an SALINITY £20/00 
33.050 31.50 32.50 33.50 34.50 85:.50 
mn TEMPERATURE. C 
1.00 4.00 140 10.00 es ae 16.00 


r-t0oo~1 d) Ol 
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OFFSHORE OCEANUGRAPHY GROUP 


REFERENCE NOe 78 5=1uU2 DATE 24/ 7/78 GMT 1864 


POSITION SQ=)6OUNs La5=  .OiawW 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
if 
0 12.49 32-4700 Gi eh as39 seleD 12.89 
10 12647 326701 10m Cee SOUL Sek 1 El cre 7 
20 12.42 32-701 20 244749 321.0 12.62 
30 9.61 .$2¢733 SO0Mcoeei ly etl «4 9.61 
50 724 32-760 50 254-647 235.8 7024 
us 6019 32-796 US) VASsG us ees 6218 
101 S67) S20915 100 25-971 205.4 5-66 
126 4.60 33-296 125 262595 105-4 4.59 
151 4.64 334695 150 20.705 136.61 4.63 
176 4.56 33.809 175 260.804 127.0 4.55 
201 4.35 334836 200 26.848 123.0 4.34 
252 4.14 33.879 250 20.904 118.0 4.12 
302 4.07 33.923 300 26-946 114.4 4.05 
404 3-82 34.018 401 27.047 105-5 3-79 


507 3e72 346123 503 27.140 9764 3-68 
610 3e56 34.189 605 27.208 91-6 3°52 
790 3e22 34-292 TOS oOo 81.6 3.17 
992 2-93 34381 982 27.420 7302 2°86 
1195 2-66 34.2439 1183 27.490 6761 2.58 
1491 20631 34-513 1475 27.579 5963 2021 
1501 2032 34-511 1485 27.576 59.6 222 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 78 5-102 DATE 24/ 7/78 GMT 
POSITION 50-= .0 Ne 145= .0 W 

INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 


T 

0 12.49 32-700 0 24.735 § 32169 «12.49 
LOpe Ale ci ese. 101 LOU meee SOL mol lie 7 Le 47 
20 112-42. woe~701 20 24.749 321.0 12.42 
30 9-61 326753 30 Pie oserl Ver let 9.61 
50 7.24 32-760 50 25.647 235.8 7 dau 
75 6019 32-796 75-2 0eols 22062 6.18 
100 5.68 32.912 99 256967 205-8 5-67 
125 4.63 33.285 124 26.381 166.5 4.62 
150 4.64 33-680 149 26.693 137-2 4 063 
175 4.56 33-804 174 °°26.799 127.4 4.55 


200 4.36 3348355 199 26.845 123-2 4.35 
225 4225 33-857 225) 8206075) “120.5 4.23 
250 4.15 33-878 208 206902) 1182 4.13 
300 4.07 33-921 298 26.944 114.5 4.05 
400 3-83 34.015 397 27.043 105-8 3-80 
500 3073 34-116 496 27.134 9169 3269 
600 3-57 34.2183 S95 genetic 922 3-53 
700 3238 340244 694 27.269 86.3 3-33 
800 3.20 34-297 199 Teel «so20 81.2 3015 
900 3-05 34.343. B92 2) «o79 76-8 2.99 
1000 2.92 34.584 990 27.423 729 2-85 
1200 2-65 34.6440 1188 27.492 67-0 2-57 
1500 2e32 354-511 1484 27.577 SIie5 2022 


SVA 
(THETA) 
321.9 
32165 
320.5 
270-8 
235.0 
21902 
204.35 
164.1 
134.6 
125.2 
121.0 
115.6 
111.6 
102.0 
DSi! 
8665 
7506 
6603 
596 
51.0 
5163 


18.4 


SVA 
(THETA) 
321-9 
321-5 
3205 
270-8 
235.0 
219-2 
204.6 
165.3 
135.6 
125.6 
121.2 
118.35 
115.8 
111.8 
102-3 
9306 
87el 
8007 
75el 
7003 
66.0 
59-4 
51-2 


STATION 


DELTA 
Uv 
200 
Aer? 
265 
095 
1246 
FEM Oo) 
2.56 
eS 
3-41] 
3e73 
4.05 
4.05 
524 
6.36 
7e40 
8.38 
9.93 
11.49 
12.91 
14.72 
14.78 


STATION 


DELTA 
D 
00 
e352 
°65 
095 

1.46 
2.03 
2095 
3.01 
3239 
3.72 
4.03 
4.33 
4.63 
5e2l 
6.32 
7233 
8-28 
9.18 

10-01 

10.80 

11.55 

12.95 

14.78 


P 


POT. 
tN 
200 
e002 
007 
e1l4 
Oley 
ef2 
1e20 
3 Par 
eecls, 
281 
3Be4] 
4.82 
6047 
10.50 
P5635 
20 89 
31-96 
46000 
61-96 
66.64 
87-56 


P 


OXY 


6.45 
0eAl 
6 «50 
7.05 
7.21 
7298 
6.61 
5.6K 
4.27 
3.40 
yn | 
2.46 
rare 0) 
ie Svat 


Oxy 


6.45 
6.61 
6.50 
7.05 
reve 
7298 
6.62 
5.70 
Cae 
344 
Se OS 
ie S 
2.47 
2b! 
1.56 
ieee 
1.07 

284 

°64 

056 

049 

055 

Sie, 


SOUR.D 


1496. 
1490. 
1490. 
1487. 
1475. 
1474, 
1473. 
1469, 
1470. 
1470. 
1470 e 
1470. 
L471. 
1471. 
OT Sis 
1474, 
1476. 
1478. 
1460. 
1484. 
1484. 


SOUND 


1490. 
1496. 
1496. 
1487. 
1478.6 
1474. 
1473. 
14609. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 
1484. 
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10.00 


8-00 


Mi AL 
6-00 


GXYGEN, 
4.00 


0/00 
32 .50 33.50 34.50 35 -50 


SALINITY, 
PERE, HR Er 


pe 


T an .s0 


L 


7-00 10.00 13.00 16.00 


4.00 


ap] 


OX 


w+ WW wr-oore WN 


om 
O01X 
SaulaWw* ui diag 


ws WW wl-wore 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE INGOs 70=) J5—1'10 DATE 307 7/78 GMT 
POSITION 50- «0 Ne 145= .0 W ‘ 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA THETA 
If 
GV12550 322675 0 2Ue7S2 MocQe3s 12'sS0 
10 12.29 32-675 10° 24.754 ~320.4 12.29 
CULO sO ME Oe Oo 20° (co elso ao et) 2 020 
30 Teno. oes U 30 254607. 23944 759 
50 6641 32-796 50 2owWs6 we22e.6 641 
74 5e48 322807 oe De DU Cm ended 5247 
100 4.68 53-046 99 26.187 184.7 4.67 
126 G655 Soel05 125 26.604 145.4 4.54 
151 4.67 33-760 P50" “267m lol. O 4.66 
176 4.51 33.807 Tia “2O<6OU 7 L2os6 4.50 
201 4.34 3348350 200 26.844 123.3 4.33 
(Ba)S) 4.16 33-882 251 26.904 118.0 4.14 
303 os9G Soegel SO” 26%9560 “113565 3-94 
406 3-80 34.037 403 27-064 103-9 Sioiar 
508 SROs telus SOM tek 1 94.5 3-61 
609 3649 34.217 604 27.237 88.8 3045 
812 53e165 354-506 BUS elie 559 80.1 3-10 


1009 2687 34-385 999 27.429 72.3 2-80 
1207 2663 34.448 1195 27.500 6602 2.55 
1509 2634 34-511 1492 27.575 59.8 2024 
1519 2edl “S4~e512 150 2N27 6578 59-5 2021 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE TNO. 78=9" 5-170 DAME 307 7778 GMT 
POSITION 50- «0 Ne 145—- .0 W 

INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL LEPTH SIGMA SVA THETA 
T 

OM eiao0 oe s0//5 Oo Vee (52 woetes | 12.50 
LO eee9, S2e075 10 24.754 320-4 12.29 
20 10.20 326753 20 (25089 2796) 10620 
30 TeS9 326770 30 25-607 239-4 7259 
50 6641 326796 50 £25+786 22236 6641 
Us 5246 326813 75% 2569957 210.4 5045 
100 4.68 33-046 99 2646187 184.7 4.67 
125 4.55 3346541 124 20.592 146.5 4.54 
150 4.67 33752 149 26.747 13261 4.65 


175 4.52 33.805 174 26.805 126.8 4.50 
200 4.35 33-829 199 26.842 123.5 4.33 
225 4.25 33.855 223° 20 e875) | LeU 4.24 


250 4.17 33-879 248 26.6901 118.2 4.15 
300 3097 334919 296 (20952) Siaie’ 3-95 
400 3-81 34.0351 397 27.058 104.4 3078 


500 3066 346145 496 27.163 9502 3-63 
600 3250 34.212 595 (2ieese 89-3 3046 
700 3033 34.2260 694 274287 84.6 3-28 
800 3018 34.301 799 2145384 80.5 3012 
900 3e02 3423543 S92 213582 7604 2-96 
1000 2.88 34.382 990 274425 7207 2-81 
1200 2064 346446 1188 27.497 6664 2-56 
1500 2¢35 34-509 1484 27.573 60.0 2025 


19.8 


SVA 


(THETA) 


320.3 
32001 
Cir Siell 
23609 
221-9 
210.3 
183.8 
144.2 
130.0 
124.8 
121.3 
115.6 
110.7 
100-4 
90.2 
83-8 
74.0 
6569 
5606 
51-4 
Slel 


19.8 


SVA 


(THETA) 


320.3 
32001 
278.7 
238.9 
221.9 
209-6 
183.8 
145.3 
130.5 
125.0 
121.5 
118.5 
115.9 
111s 
100.9 
90.9 
84.3 
75.4 
74 06 
70.0 
65-8 
58.9 
51.6 


STATION 


VELTA 
8) 
° UU 
SSe! 
203 
039 
1.34 
1.66 
2636 
2.79 
3214 
346 
S78 
4.40 
4.98 
6-10 
Wace Eo), 
8.03 
9.74 
11.24 
2661 
14.50 
14.56 


STATION 


DELTA 
VU 
eU0 
033 
°63 
269 

1.34 
1.87 
2236 
2.78 
3012 
3045 
3276 
4.06 
4.36 
4.94 
6-03 
7-03 
7295 
8-82 
9.64 

10.43 

pi gp ers 

12.56 

14.45 


P 


POT. 
EN 
e00 
°U2 
206 
eld 
eo 
Pilots) 
1.09 
1.59 
2.07 
2-61 
Sece 
4.65 
6.30 
10.34 
Sve S 
20-32 
32269 
46253 
02-03 
88.17 
89el1l 


es) 


OXY 


OXY 


SOUND 


1496. 
1490. 
1489. 
1479. 
1475. 
1471. 
1469. 
14609. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1473. 
1474. 
1470. 
1478. 
1460. 
1484, 
1484. 


SOUND 


1496. 
1496. 
1469. 
1479. 
1475. 
1471. 
1469. 
1469. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1472. 
1474. 
1474. 
1476. 
1477. 
1478. 
1480. 
1484. 


48 


8-00 10.00 


-00 


OXYGEN. 


2-00 


“ 0.00 


16.00 


13.00 


@ 
10.00 


-00 


TEMPERATURE » 


4.00 


1p wo t~ 0 N m ws WW wer-woo N wt UW? Wr-~@wor he Ue 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCETNOs 7E= 5=117 DATE B/S 77'S 
POSITION 49-10-60 Ne 132-40.0 W 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA 
T 

0 154654 32-442 0 23.908 400.7 
LOM Sso2 oe e429 10 23.902 401.5 
20) 14.935 S2eS5ir2 PAOLO ISIE 
29 14.70 32-6448 29 24.094 383.7 
49 10648 32593 49 25.017 296-0 
74 8.33 32-681 74 254430 257-0 
99 7026 32-894 98 254750 226-8 
124 6648 3343563 P2SmecOneec 16201 
149 6634 33-652 148 26.452 160.6 
199 S091) 536659 ISIE PI 206686) 9139's 0 
3500 4.86 33895 Byey | &eictsyeis) kay Gel 
506 4.01 34.074 502 27.072 104-2 
608 3-77 346162 603 27.166 95.9 
813 3040 34-2305 806 27.316 82.8 


1015 3.02 34.383 1005 27.413 74.2 
Pei 2678 346438 1199 27.479 6866 
1488 20e42 346514 1472 27.570 60.4 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 76= S<117 DATE / 178/78 
POSITION 49-10-0 Ne 132=-40.0 W 
INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL UEPTH SIGMA SVA 
Ti; 

0 15-654 32-442 0 23.908 400-7 
10 15-52 S32e429 10 23.902 401.5 
20 14.93 32-372 20 235-987 393-7 
30 14647 326456 30 2446150 37844 
50 10640 32596 50 25-033 294.5 
tf) 8-30 32687 75. 230859 2560) 

100 7e21 326924 99° 256780 225.9 
P25 6647 3343578 124 26.235 180.9 
150 6633 334638 149 26.458 16061 
Nfs. 6610 33-4758 174 26.582 148.6 


200 5-90 33-859 199 26.687 138.9 
225 5°60 33-4870 223 26.732 134.8 
250 Seo) oe8s9 248 266772 131-62 
300 4.86 334895 298, §26.859 12561 
400 4.39 334993 See AsiGetetey alleys) 
500 4.03 34.070 496 27.067 104.7 
600 3079 34.156 595) 2/6159 96.5 
700 3-59 34-231 694 27.239 89.5 
800 Se42 34297 (Oss AU oo 8365 
900 SiecomOteo +1 BI2S eT Sol 788 
1000 3-04 344378 991 27.407 T4HeT7 
1200 2079 34455 1188 27.475 68.9 


OMT 


VRE Uys 


15.54 
Se oe 
14.93 
14.70 
10.47 
8.32 
7025 
6647 
6233 
5°89 
4.84 
3-97 
3-73 
3034 
2095 
2-70 
Cooe 


GMT 


THETA 


15.54 
15.52 
14.93 
14.46 
10.39 
8.29 
7220 
6646 
6-32 
6.09 
5.88 
5.58 
5.31 
4.84 
4.36 
3.99 
374 
3.54 
3.36 
3-16 
2.98 
074 


1664 


SVA 


CURE TA) 


400.7 
401.2 
39361 
3829 
295.0 
ASS CT 
22502 
180.3 
NSA: 
136-3 
121.7 
99.5 
90.5 
Toed 
6669 
60-6 
51.8 


16.4 


SVA 


(THETA) 


400.7 
401-2 
39361 
377-6 
29304 
254.8 
222635 
179.1 
OWro 
14662 
13662 
131.9 
12861 
121.7 
109-4 
100.0 

91-2 

83-6 

77.0 

71.9 

6765 

609 


STATION 


VELTA 
U 
UU 
© 40 
-&0 

1-16 
1.84 
POSE) 
Seka 
3263 
4.06 
4.62 
614 
848 
9-50 

11.33 

12.91 

14.30 

16.09 


STATION 


DELTA 
D 
00 
40 
80 

1.19 
1.86 
2.55 
3615 
3.66 
4.08 
4.47 
4.83 
5.17 
5-50 
6614 
733 
8.42 
9.43 

10.36 

Linge 

12.03 

12.60 

14.23 


: 


POT. 
EIN 
00 
002 
008 
ey ler? 
044 
88 
1.39 
1.97 
eons 
3-90 
7226 

16.82 

cd2ebl 

5500 

5046 

66.32 

90.85 


7 


POT. 
EN 
00 
°02 
08 
«18 
045 
89 

1-42 

2-00 

2-60 

3023 

392 

4.66 

5°46 

726 

11.50 
16-50 
22013 
28-29 
34.89 
41.91 
49.34 
6537 


OXY 


OXY 


SOUND 


1506. 
1506. 
1504. 
1504. 
1490. 
1462 ° 
14796 
1477. 
1477. 
1476. 
1474. 
1474. 
1475. 
1477. 
1478. 
1481. 
1464. 


SOUND 


1506-6 
1506. 
1504. 
1503. 
1490. 
1482. 
1479. 
1477. 
1477. 
1477. 
1476. 
1476. 
1475. 
1474. 
1474. 
1474. 
1475. 
1476. 
1477. 
1477.6 
1478. 
1481. 


, ay-T 


- —— rapyys 


are 


Oe” rer ayes 


ee eg KW AAADOAIDE yaa 

TMS Are Al & ‘Tite@ Rt. 10H uaasasA = 
Use Blt, + 0. 0.+e8 udlitizes 
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Figure 7. Salinity difference between hydro data and STD. 
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Figure 8. Temperature difference between hydro data and STD. 
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OFFSHORE OCEANOGRAPHY GROUP 


REPERe NCE NO, 76= S=— 1 DATE 167 6/78 
POSITION 48=-33-0Nr 125-33.0W GMT 23.9 
RESULTS OF STP CAST 77 POINTS TAKEN FROM ANALOG TRACE 


BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESD TEMP SAL DEPTH SIGMA SVA DELTA POT. 


25 D EN 

U 13.25 Sie ly 0 23.87 404.4 00 rae) 
1U 11.40 31-87 10 24.29 364.2 © 39 rae) 
eu 9.66 52¢16 20 24603 |) D1 Sot ere Pat) 
SU 8-90 32e40 30 2oele ~28565 1.03 Pp bes 
DU 8.47 32007 50 25640 25943 1.57 035 
the" 7259 33220 Nis, 25.94 208-3 2015 7 
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Oe 12.01 51.80 53-6 8e28 

Be 11.87 51.82 54. Be21 

9° 11-67 51.83 DD Sait 

10. 11-39 Sie87 57. Bele 

li. i127 51493 58. 8-09 

12. 11.01 Sie oS 59. 804 

14.6 10.85 32497 60. 8.01 

15-6 10.77 31.98 ol. 8-00 

17. 10.69 52.00 62. 7297 
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OFFSHORE OCEANOGRAPHY GKOUP 

REPERENCE NOs o= On Se DATE, av/ 6/78 

POSITION 48=-38-0Nr 126- .0W GMT 1-6 

KESULTS-OF“STP-- CAST 67 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL De PTH SIGMA SVA DELTA POT. 


T D EN 
U 15.68 31-82 0 25-82 408.9 ©00 20 
1G Leeeo 31-82 nGe 24.10 382.2 041 20 
<U 9.80 S2el1l 20 24.15 4 020+6 76 mae) 
50 9-16 52028 30 24.99 297.29 1.07 e120 
ele 3039 See7] 50 29044 25564 1.62 0 5& 

Bs Teo 53034 12 26.06 19742 2.18 e/7 
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Ye 13-59 51.81 466 8.75 

De 13.50 51.8] 47. 8.70 

Ge 13646 51.81 48. 8e55 
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UFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO- 


18= 


POSITION 48=—40-0Ne 
RESULTS: OF hSTP “CAST 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


PRES> TEMP 


0 12.85 
10 12.82 
20 11.63 
SU 10.36 
50 872 
tie) Be24 

1U0 7063 
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150 7-01 
Lf 6-92 
200 6067 
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Wihe sk? /, 6/78 
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190 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 
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OFFSHORE OCEANOGRAPHY GKOUP 

REFERENCE NO. 78- S- 7S DATE 17/ 6/78 

POSITION 48-51-0N*r 128-40.0W GMT 11.3 

RESULTS OF STR CAST 341 POINTS TAKEN FROM ANALOG TRACE 
B8ISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP S At De PTH SIGMA SVA DELTA POT. 


T D EN 

0 12278 52026 0 24.34 359.46 00 © 00 
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aou 6071 ae 95 248 26.66 142.7 5030 5036 
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REFERENCE NO. 
POSITION 49-= 


78= 5= 
2eOQNe 


BeeULis OF Str CAST 
BISSETT@"BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


0 12.80 
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REFERENCE NO. 
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RESUENS -OF-S1TR CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 
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8.95 
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RESULTS: OF" STR CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 
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11.18 
11.09 
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6-38 
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3077 
3034 
2299 
2.71 
2034 


SAL 


52062 
3262 
52-61 
32-60 
32260 
52072 
eso 
33-36 
33072 
33-86 
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OFFSHORE OCEANOGRAPHY GixOUP 


REFERENCE NO. 


POSITION 49=26.0Nr 
RESULTS OF STP CAST 
BISSETT-BERMAN WAS USEO DEPTHS ARE INPUT 


PRESS TEMP 


0 10.21 

10 pelea b 
20 10.06 
50 8.57 
50 796 
75 6674 
100 6026 
125 6012 
150 5.87 
175 5.64 
200 5.39 
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27.42 
27.50 
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259.0 
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230-2 
208-8 
171.2 
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117.4 
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10.70 
15.46 
20.91 
33233 
47e45 
63.09 
89.05 
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1488. 
148&. 
14836 
1481. 
1476-6 
1475. 
1476. 
1475. 
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1476. 
L47G6 
1480. 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOS 7G=''S— To 
POSITION 49-34-0N* 138-40.0W OMT eee 

RESULTS OR. ISTP’ CAST 2ve2 POINTS TAKEN FROM ANALOG TRACE 
BISSETT=BERMAN WAS USED DEPTHS ARE INPUT 


DATE: 167-6778 


PRESS TEMP SAL DEP iH SIGMA SVA DELTA POT. 

T D EN 
U 10.17 52-87 0 2502 2694-6 U0 © 00 

10 10.13 52087 10 29029 26902 oc7 eOl 
<u 9.19 J2sO5 au) 25041 257-6 054 °05 
50 3ded2 32034 30 29451: 246807 °/9 ele 
DU 7-75 320837 50 25-66 234.9 1.27 e351 
10U 6234 Soekl oo 26.04 199.0 2037 iPS is, 
bes 60-10 SOCTE 124 20-55 150-6 2.380 1.63 
WU 0-00 SOeo?t 149 26.68 138-7 Sel 5 2014 
EIS aT 33-88 1974 ZO a? VSSs0 3-50 2e70 
200 De46 533289 197 26476) P3RAS 3-83 3234 
ae5 De 1l4 JOve9 220 26.80 127-9 4.15 4.04 
200 491 33-89 248 26.83 125-5 4.47 4.81 
5U0 4.4) Be oe en 298 20-91 118.2 5 U8 6-51 
“UU 4.13 34.01 397 27.00 109-9 6622 LOSS 
5U0 3296 34.08 496 aie0e 1050 728 15.44 
6U0U dele 34-16 595 27.17 95-5 8.28 24004 
10uU0 3-01 34-36 990 27.40 pow [ike 48.40 
12U0u 275 S4H ete 1188 27.47 69> 13.2 64.03 


Sail 


UB 


600 


(O 
ee. 
we 


PRESSURE » 


1200 


13 00,5 


a2 
SALINI 


Pete Mie eae Ga ale 
4 G Re 


16 


Kies WG. hee = Serco se 
49-41.0 N 140-40.0 W 


Mike = Dole Ge bes 


35 34 35 
FY, @720 


OFFSHORE OCEANOGRAPHY GkOUP 


REFERENCE NO. 


TO 


POSITION 49=-41.0N> 
RESULTS UF “STRCAST 
BISSETT-BERMAN wAS USED DEPTHS ARE INPUT 


PRtoo TEMP 


U 9.66 

1vU 9-64 
2U FeTh 
50 8-46 
roe) 7-68 
Wik: 0-54 
100 5-97 
reo 3-70 
DOU 2062 
bel dh) 3°25 
2u0 4.86 
225 4.72 
23M 449 
300 4.20 
YUU 3899 
DUG 5-81 
6UU 3°64 
8BU0 3025 
1000 2.92 
12bu 2.64 
1500 ee 34 


SAL 


S2eTe 
S2efe 
52073 
52077 
5282 
532-85 
52 6 8b 
33042 
Sosal 
S367 
33-86 
89469 
33-90 
33-94 
34.05 
S4ele 
34.218 
34230 
34-38 
54044 
34-50 


oe iD 
140-40 «OW 
354 POINTS TAKEN FROM ANALOG TRACE 


Or PTH 


73 


DATE +19/ .6478 
603 


GMT 


SIGMA 
cf 
elec 
25026 
oe at 
25048 
29.63 
29.81 
ene94 
26.36 
20.73 
26277 
26.83 
26.85 
26.88 
26.95 
27.06 
21 hs 
27.20 
27.32 
27e42 
27.49 
Clwou 


SVA 


2726 
ehess 
267-8 
251-62 
23702 
22063 
211.3 
168-6 
13461 
130-0 
12543 
12361 
12065 
114.5 
104.7 

98e2 

9209 

81-5 

T3502 

669 

606 


DELTA 
D 
U0 
e227 
054 
© 30 

1629 
1.86 
240 
2.87 
323 
3-56 
3-88 
4.19 
4.50 
5-08 
6.18 
7019 
8.15 
9.68 

11.42 

12.82 

14.72 


POT. 

EN 
e 00 
eO1 
«06 
ele 
032 
68 
1.16 

1.70 

2020 
2015 
eon 
4.035 
ue77 
6 elke 
10.352 
14.96 
20.352 
3263 
46 6 ver 
6259 
88.52 


SOUND 


1480-6 
l4soe6« 
1455-6 
1482-6 
1480.6 
14766 
1474-6 
1474. 
1474. 
1473. 
1472. 
L472. 
147ee 
1471. 
147ee 
14736 
1474.6 
L4¥7oe 
L476 
1480. 
14346 


300 


Bis 


600 


(O 
(a 
ES. 


PRESSURE ; 


pees 


1300," 


opi 
SALINI 


TEM EIRH [eh Boer lp 
A GS Aig 


Riva Nees vo = 14 


49-49.0 N 142-40.0 W 


NMUS=6 DATS ohio 6 


OFFSHORE OCEANOGRAPHY GKOUP 


REFERENCE NO. 


POSITION 


PRESS 


182 5= 


49=-49.0Ne 
BE oUL TS OF STP LCAST 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


TEMP 


9.19 
Be41 
7-78 
71243 
6047 
6-09 
5047 
5-09 
4093 
4.79 
4.57 
4234 
4.18 
4.03 
3687 
3072 
3252 
5-16 
2-88 
2-60 
2031 


SAL 


32071 
32.71 
32072 
52075 
32-78 
352-84 
33-07 
33057 
33-81 
33-84 
33-86 
33-87 
Soe 7u 
33-96 
34-06 
54015 
34222 
34233 
34 641 
54045 
54652 


14 
142-40.0W 


DEPTH 


rs) 


DATE" i297 6773 


GMT 15-8 
5330 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
2aeS2 
25644 
25254 
25.61 
25-76 
25.86 
26.12 
26.55 
26.76 
26.80 
26.84 
26-88 
ecOete 
26.98 
27.08 
27.16 
27424 
27.35 
27644 
ele Ot 
27.58 


SVA 


266062 
255-0 
24566 
238.7 
224.5 
21567 
191-3 
150.5 
130.7 
12762 
12365 
120.2 
116-9 
111.2 
102.6 
95 4 
8867 
7805 
70-8 
6505 
58-8 


POT. 

EN 
© 00 
eU1 
©05 
ell 
° 30 
°65 
1.11 
1.60 
2208 
2061 
3021 
3087 
4,59 
6.18 
9.99 
14.54 
19.69 
51.50 
45.21 
86.01 


SOUND 


1434. 
1482. 
1479. 
L47&6 
1475. 
1474. 
1472.6 
1472. 
147ce 
1471. 
1471. 
1470-6 
1470. 
1470. 
1472-6 
1473.6 
1474 e 
1478-6 
1480. 
1454. 


300 


Bis 


600; 


CO 
ke 
a 


PIRES .O UIE % 


PAO 


1o00.5 


REMC EAR TT ORs se 
4 C We 


REERF a ANG. eS Dy fl 


90-0-0 N 145-0.0 W 


M@.-6 DAY-20 GMT-17.1 


es 


UFFSHORE OCEANOGRAPHY GKOUP 

REFERENCE NOs, 76= 5= 15 DATE 207 G77 

POSITION 50- ¢ONr 145—= OW GMT 17.1 

RESULTS UF STP CAST 232 POINTS TAKEN FROM ANALOG TRACE 
bISSETT=BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DiPTH SIGMA SVA DELTA POT. 


T D EN 
0 8-81 32675 0 25041 257-6 00 00 
1U Ss 79 32074 10 25041 25802 ©26 °O1 
<0 7e76 32074 20 250¢56 243647 el e05 
50 7238 32¢76 30 25-63 237-6 ©75 ell 
50 6634 320/78 50 25678 22229 Peer 0 30 
fis) 3065 3276 Vie, 23e07 23560 1.76 °65 
1UG 4.92 35284 99 20-00 20264 2029 1.12 
425 4.81 53266 124 20666 140-6 Pom gt st 1.60 
150 4262 33-82 149 2os50 12638 3-04 2206 
LTS Gee 33-83 174 26.84 12367 3035 2056 
2U0 4.26 33-86 199 26-88 12023 3265 3216 
265 4.17 33-87 eae 26.89 118-7 3095 381 
250 4.08 53290 248 203 a “Piaey 4625 4.51 
300 3-96 JaeI9 298 26.96 111-2 4.81 6210 
400 3081 34-05 397 27.08 102.7 5-89 9.94 
SUU 370 34614 496 27.15 9603 6.88 14.49 
6U0 3°55 54220 995 27.22 90-4 782 Lieve 
3UU 3017 34032 795 oa (Five) ©) 19eS 9-5] 31.78 
10U0 2288 34.39 990 27243 G1 09 Wille o2 45.62 
1200 2062 34045 1188 27.50 660«2 12641 61.12 


15u0 2029 34651 1484 27.58 5963 14.30 87-0E 


SOUND 


1483. 
1479. 
1478.6 
1474. 
1472. 
1469. 
1476. 
1470. 
147U.- 
1476.6 
147uU-6 
1470. 
1470. 
1471. 
1473-6 
1474 e 
1475. 
147&- 
1484. 


DB 


PRESSURE » 


lig 


150 


INO 
NO 
CG] 


ayes 


37235 


TREN PCE Re eee ree: 
4 G 


DO-O0.0 N 145-0.0 W 


AG aS VAAL AGM I= de7 30 


Lee 


16 


oxe 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENC 
POSITION 


E NO. 
Sor 


78- 5- 
eONe 


RESUL-PS-OF--STP+-GAST 
BISSETT=BERMAN wAS USED DEPTHS ARE INPUT 


PRESS 


U 
10 
<0 
SU 
St 
ihe 

1U0 
Ve5 
BSG 
ETS 
200 
een 
250 
300 


TEMP 


8.94 
8.94 
8.92 
7.93 
6679 
5.79 
5623 
4.82 
4.74 
4.53 
4.29 
4.17 
4.08 
3.94 


SAL 


Je51(0 
32-76 
32-76 
32077 
32678 
32079 
32-83 
Be a te 
33-78 
33-84 
33287 
53-86 
33091 
53-96 


17 
145- .0W 


Di PTH 


is 


DATE 217 6775 


GMT 17.0 
2U4 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
29 04U 
25640 
25-40 
29-56 
25-72 
25.86 
25-96 
20645 
20.76 
26283 
26.88 
20-90 
26.93 
26299 


SVA 


25668 
25809 
2588 
244 0 
22865 
21585 
206-8 
160 04 
130-5 
124.4 
L199 
TL 
115.0 
110.3 


SOUND 


1484. 
1484. 
L484 6 
1480.6 
14766 
1473. 
1471. 
L147U- 
1471. 
147U 6 
147U 6 
l47u. 
1470.6 
1470-6 


UB 


PRESOURE » 


Vo 


Lo0 


PDO 
DO 
CG] 


300 


37335 


id 
SALINI 


80 


LEM ERS APT bite sea 
4 G ly, 16 


bDO-0.0 N 145-0.0 W 


NGG) DAN-22: Gaia heal 


81 


OFFSHORE OCEANOGRAPHY GkOUP 

REPERENCE™ NOesio= OF 15 DATE 22/ 6/78 

POSITION 50- -ONe 145=— .OW GMT 17.0 

RESULT >, OFYSTF* CAST 228 POINTS TAKEN FROM ANALOG TRACE 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


iu D EN 
) 8-95 S2e75 0 25-59 2596 © 00 00 
16 8.94 32-75 10 25.39 259.7 °26 01 
<eU 8.90 3275 20 25640 259-3 e32 °05 
SG 7.86 32e75 30 25-56 24463 0/7 ele 
DG 6294 32079 50 ered 22s? 1.24 eS1 
45 6614 52-80 Ae) eveOe Telos i 1.81 26 
1UG 5-61 52-684 99 Zoe%e  TeLls 1 2.35 1.15 
125 4.8/7 33042 124 260046 159635 281 1.08 
150 4.83 CORR MS 149 26.73 134-61 5017 2-18 
LES 4.67 533¢81 174 26.79 128-61 350 2/2 
200 441 33-84 199 26-84 12362 3-81 332 
2e9 4e23 3386 225 26.88 120641 4.12 3298 
250 4e14 33-389 248 CSch Til hel Ge] 4.70 
300 3-99 33-94 298 260.97 11263 4.99 6251 


SOUND 


1484.6 
1484. 
1484. 
1486. 
1477. 
1474. 
1472-6 
1470. 
1471. 
147i. 
1470. 
147U. 
1470. 
147uU. 


300 


DB 


600 


CO 
4 
a5. 


PREOOURE » 


1200 


1300," 


32 
SALINI 


PE MP E I ET Gar vans 
& S yy 


Re = NG. e/g = oS os: Vet 
S0-0.-0 N 145-0.0 W 


MO.-5 ORY A238 GM =e 30 


83 


OFFSHORE OCEANOGRAPHY GKOUP 

REPERENCE NOs VG= S= 2t VATE Ceo7 (6/78 

POST TTON= S08} reONe “145<"t"7 60 GMT 17.0 

RESULTS UF STP CAST 318 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PL meeps, TEMP SAL DEPTH SIGMA SVA DELTA POT. 


1 D EN 

U OR Be) Dee a 0 29sD6s, 262435 00 00 

1U 9.10 S20!D 10 25-37 26261 26 001 
2U 8-90 32074 20 25.39 260-0 ©32 °05 
3U Te41 3276 30 29502) A578 0/77 ele 
SU 6656 32¢77 50 COR TS" 2eoro 1.23 e350 
es Self 32077 vie: 25e84 21702 1.79 066 
100 92007 5285 99 25-98 204.0 2e31 1.12 
pak 4.75 33041 124 256-46 158-8 2.77 1.65 
150 4.71 33-77 149 26.76 131-3 3012 2214 
AB fl’ 4.53 33283 174 200682 12561 3044 2067 
vAULU 425 53-84 199 26-86 121-6 3.75 3026 
eeS 4Gel1e 33-87 2235 26.90 118-2 4.05 3290 
22U 4.06 33-90 248 26.93 115-6 4.354 4.61 
300 5392 foe F Pe he) 298 26.98 110-8 4.91 620 
4UU 3-80 34-08 397 27.10 100.7 5°96 ele he) 
SUG 3°68 34216 496 Clal?7 94-6 6 294 14.42 
6UU 3e51 340235 SEAS) 27.25 88.0 7285 DAS hs re. 
&00 3014 54233 %935 27.36 7728 9.50 31.28 
1000 2284 S441 990 27645 7062 10.98 44.84 
120U 2-58 3446 1188 eee 64.8 12.33 59.99 
1500 2029 34052 1483 27.59 56e«6 14.19 856435 


SOUND 


1484. 
1464. 
1484. 
14756 
1475. 
147e. 
1470. 
1470-6 
1471. 
14760. 
14706 
1469. 
1470. 
14706. 
1471. 
1473. 
1474.6 
1475. 
1478-6 
148U. 
1484. 


84 


THESE RA TRE og ile 
4 8 Bi 


73 


an 
= 
1 SO 
Lu 
ac 
ro) 
ve 
ee 
Hes 
~ Ere OR toe DS ao 
A. 
50-0-0 N 145-0.0 W 
300 


NMO=2-6 DHIHZ4 Gna by ay 


37335 


OFFSHORE OCEANOGRAPHY GKOUP 


REFERENCE NO. 
POSLTLON: .50= 


78- 5- 


eONe 


REoUL.Lo. OF, Sis CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


0 9-30 
10 9-27 
20 8-15 
30 7045 
DU 6-66 
ibs: 5°96 

100 548 
Wat 4.81 
150 477 
f Be fh) 4.56 
200 4.35 
een +20 
290 4.10 
SU0 Sey 


SAL 


S274 
32e74 
32¢75 
52077 
$2079 
52081 
32-86 
533253 
5501/9 
33-82 
53285 
33-87 
533-89 
S382) 


25 
14 S= 


DEPTH 


° OW 


85 


DATE 


24/ 6/78 


! GMT 17.0 
186 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
29233 
25-33 
20651 
29-63 
25675 
25485 
254.95 
26-55 
26.77 
26.81 
26-86 
26.89 
26.92 
26.98 


SVA 


265-6 
26524 
248 o1 
23765 
22602 
216-5 
207-3 
150.4 
130.4 
12662 
121.9 
19 ot 
116.8 
111.4 


POT. 

EN 
00 
O01 
©05 
ell 
e530 
SToke) 
1.15 
1.65 
2eiS 
2 e66 
3626 
3-91 
4.62 
6022 


SOUND 


1485-6 
1435-6 
1481. 
147&-6 
14766 
1475-6 
14726 
14706 
1471. 
14706. 
1470-6 
147uU. 
1470. 
1470-6 


86 


PEMA UR Es, ree | 
0 A 8 LZ 16 


fies 


ee 
mag ie.0 
Oy 
i a 
ea) 
Ca 
tO 
WIZ Zo ter. NGS 7a = 5 - £9 
pie 
bO-0.0N 145-0.0 W 
300 MG.-6 DAY-25 GMT-17.0 
S135 3 35 34 35 
SALINITY. 0/06 


87 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE "NOs ¢753""5—) "29 DATE 25/ 6/78 

POSITION 50—- -«O0N*e 145= .O0W GMT 17.0 

ReouLrs OFT SIP CAST 1869 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@“BERMAN WAS USED DEPTHS ARE INPUT 


PREOS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


uy D EN 
U 9-37 32074 0 29032 266-7 °00 00 
10 9.37 52074 10 29enc 260.9 0°27 01 
20 9235 32074 20 25-32 26667 ©9335 ©05 
50 7e79 32-76 30 25-¢57 24248 °79 ele 
90 7-00 32077 50 29-69 231-7 1.26 e031 

ras) 6-06 3278 ics 25-82 219-6 1.83 0 
100 952 3280 99 25090" eles 237 1.15 
Le) 4.81 53256 124 26658 147.25 2.83 1.68 
150 4.77 3378 149 26-76 13142 3217 2-16 
aS) 4.60 33284 174 26-682 12561 3049 2269 
200 436 33684 199 20¢85 122-8 3-80 3029 
225 4.23 53-87 eeo 26.89 119.4 4eil 3094 
eu 4eil 533-89 248 26.92 116-9 4.40 4.66 
506 3°97 33495 298 26.98 111-4 4.97 626 


SOUND 


1465. 
1485. 
14656 
L48U 6 
1477. 
1472-6 
1470+ 
1471. 
1471. 
1470. 
1470+ 
1470. 
147U.6 


300 


DB 


600 


PREOOURE » 


9 9 S. 
SAL LNT 


TE TPE RIFT Cit sisal 
A S 


IW 16 


REF. NO. 7G | oo 


S0-0.0 N 145-0.0 W 


hd<-6 DAY=Z26 GNI=i720 


é 39 


89 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE INO. /S—-' Sool DATE 26/ 6/78 

POSITION 50- «ON* 145—- .0W GMT 17.0 

RESULT SPOFS STP’ CAST 288 POINTS TAKEN FROM ANALOG TRACE 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


E D EN 

0 9-33 32077 0 25-34 263-49 ©00 00 
10 9-30 32077 10 25555 «26566 °26 O01 
20 9-28 32077 20 Edens ~ 26565 °933 °05 
50 9-21 52078 30 2033-2621 °79 ele 
5U 7216 32-79 50 20668 F2s2a5 1.27 e352 
ZS 6420 32082 Tes. 25-83 218-5 1.84 067 
106 Se71 32-90 99 25695 ©2070 227 1.15 
£25 4.85 Yo Ure be) 124 20641 163567 2085 1.70 
156 4.78 33-80 149 20.77 112988 320 2019 
ie) 456 33-84 174 26.83 124.7 3252 2e71 


200 4.40 33287 199 26587 i210 3-82 3350 
eee 4e22 33-89 223 26690 =1Phe7 4.12 5095 


250 4ele2 533-90 248 26.92 11662 Ge4) 4.265 
300 598 33-96 298 26-98 110-6 4.98 6024 
400 3-81 34.07 397 27.09 101.3 6.04 10.00 
500 3e71 34.16 496 27217 94.8 7202 14.49 
oU0 3254 34235 995 27.24 86.3 7293 19.60 
8UU 3019 34233 793 27.35 7809 9.59 51.39 
1006 289 34-41 990 27645 7067 41-08 45-02 
12Uu 2-65 3446 1188 27.51 65e6 12644 60-25 


1500 Halt io Ye 3452 1484 27.58 59-0 14.29 shoe Ae, 


SOUND 


1435-6 
1465. 
1485. 
1485-6 
1478. 
1474.6 
1473-6 
1470-6 
1471. 
1471. 
1470. 
1470. 
1470-6 
1470.6 
1471. 
1473-6 
1474. 
14706 
147% e 
148U. 


DB 


Ba bye opote bed n'a 


ihe 


Lau 


NO 
INO 
C] 


Se) 


S735 


Bie 
SALINI 


TEMES Al Baran: 
A GS lee 


Ree ONG. TUG ee 


BO-0-0 N 145-0.0 W 


NG e236 LOA <E27 SSNs 


b3 


ep 


OFFSHORE OCEANOGRAPHY GkOUP 

PEPE RENGE §NO. 778="S= 35 DATE 27/ 6/78 

POSITION 50—- -ONe 145—- .0W GMT 17.0 

RESULTS OF STP CAST 203 POINTS TAKEN FROM ANALOG TRACE 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


1 D EN 

0 9-40 32077 0 25-33 264.9 «00 00 
106 9-37 32077 10 25234 264.6 °26 001 
2U 9-37 3277 20 25434 26428 053 ©95 
50 9235 32077 o0 25034 26426 °79 ele 
90 7e2l 32279 50 25067 23302 1.28 52 
15 6ele 3281 bes: 25-83 218-43 1.84 68 
100 De61 532-82 99 25.90 211.9 2-38 ae 
l2o 4.83 53047 124 26.51 154.8 2-86 1.70 
156 4.76 Soe 79 149 26-677 13063 3220 2018 
| a 4.58 533-83 174 26.82 125-8 352 2.70 
2UU 4.33 33-88 199 20-88 11964 3-82 3429 
2e3 4.17 aa 90 Eno 26.92 110-5 4.12 3293 
250 4.06 3392 248 260-694 11464 4o4) 4.63 


3u0 3092 33298 298 eis01. 1067 4.97 6619 


SOUND 


L14&5-6 
1485-6 
1486. 
1478.6 
1474. 
1472-6 
1470-6 
1471. 
L471. 
147U.- 
147U-6 
1470. 
147U 6 


Fes 


Bis 


150 


NO 
ES 
OC] 


PRESSURE » 


SU) 


3735 


T ERIE rh Una se 
4 C DZ 


Le 


PEER .NUG.7oa—- 5SG--84 
BHCGROGONN 1a6=oR00N 
Mid -Gh DANE PHT CHT E1720 
Ses 4 
TY 


Z 3 
SAL-UNNTYY. O70 


16 


She 


OFFSHORE OCEANOGRAPHY GkOUP 


REFERENCE NO. 
POoaLLLON. SU= 


ho ees 


e ON? 


RE>ULA oe Oe Sir. CAST 
BISSETT@“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


U 9.66 
1U 9.55 
20 946 
30 7.99 
50 6-93 
75 6«34 

100 5-83 
125 4.87 
150 4.76 
LS 4.54 
200 4.30 
2¢5 4.14 
250 4.04 
300 3.95 


34 
LS 


e OW 


93 


DATE 28/ 


GMT 17.0 
218 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25428 
25029 
SOL 
2953 
25-67 
25.79 
25.87 
20.49 
26g KT 
26.81 
26.86 
20.89 
26293 
26.98 


SVA 


27064 
26829 
26767 
24761 
eouens 
22265 
CL Sne 
155-8 
129-6 
1259 
121.8 
1192 
11564 
111.1 


6/78 


POT. 
EN 
000 
O01 
°05 
e012 
0352 
068 
1.16 
1.74 
2022 
2e75 
5234 
3299 
4.70 
Gece? 


SOUND 


1486. 
L4so-~ 
1460.6 
1480. 
1477. 
1475. 
1473.6 
147uU. 
1471. 
147Ue 
1470 « 
147. 
1470. 
1470. 


3004 


Bis 


600 


oS 
as. 
oS. 


PRESSURE » 


1200 


1S00.5 


Se 
SALINI 


TEMPER Ar], U:iketis sree 
4 G ee 


3. = AS 


S0-0.0 N 145-0.0 NW 


HO~s5 AYs29 CM aie) 2D 


95 


OFFSHORE OCEANOGRAPHY GKOUP 

REFERENCE NO. 7&=— S- 43 DATE 29/ 6/78 

POSITION 50- -ONr 145= -.0W GMT 17.0 

Re oMials AOr 8STP CAST 326 POINTS TAKEN FROM ANALOG TRACE 
BISSETT=BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

9) 97'S Seis 0 2 28cb 271-5 00 © 00 
10 9.73 Jena 10 Zee, ci ser 027 ©O1 
20 9a99 S2e7D 20 2 ego “27109 054 06 
SU 9.07 3276 30 29%38 ‘261.3 e31 ele 
50 Wei9 52-79 50 25068 23206 1.30 032 
75 6621 320835 75 25-84 218.0 1.86 068 
100 5e50 32684 99 25-93 20941 2.39 1.16 
es 4.86 3341 124 26645 159.9 2.87 1.69 
150 4.76 53-78 149 26.76 131-0 3022 2218 
175 4.58 33-83 174 26.82 125-5 353 2e71 
20u 4.34 33-87 199 26-88 1203 3-84 330 
Zao 4.22 33089 225 (ASRS | UM he Cs 6 el | 4.14 3294 
250 4.10 533-91 248 eGs5) Teed 443 4.64 
300 3-97 oF hee Lf 298 20-99 109-8 4.99 6622 
400 53-80 34210 397 e7ell 99.2 6-04 9.95 
5U0 3-68 54.218 496 27.19 9207 7-00 14.35 
600 348 S4e25 B95 27-26 8603 7289 Lo soo 
80U 3014 34634 io vale ees Wf (ees: 9e5t 30.88 
1000 2087 34041 290 27.45 7061 10.99 44.44 
1200 2258 34047 1188 27.52 64.0 12.33 59642 


1500 2-30 34054 1483 27.60 57e«2 14.15 84.40 


SOUND 


1487. 
1487. 
1437. 
1485-6 
14786 
1474 
L147ee 
147U.e 
1471. 
1471. 
147.6 
1470. 
1470. 
147U 6 
1471. 
1475-6 
1473-6 
14756 
1478. 
14d3U6 
1454.6 


Bis 


PRESSURE ; 


60 


1201 


ee) 
E23 


240; 


30035 


SY 
SALINI 


TEMPERATURE, C 
4 8 


7O-O-0 N 145-0.0 W 


04-62 JAY -soe CHIT 


biz 


16 


395 


UFF SHORE OCEANOGRAPHY GixOUP 


REFERENCE NO. 
POSITION 


SsU= 


e ON? 


RESULTS rOF.coSLP.CAST 
BISSETT<BERMAN wAS USED DEPTHS ARE IfPUT 


PRESS 


b 
10 
eG 
SU 
56 
15 

1uUu 
Led 
159 
7s 
20U 
2b 
250 
3U0 


TEMP 


3208 
9.62 
9.67 
Sm Ley 
lie eh 
5-92 
De 
4.261] 
+4e/74 
4.250 
4.31 
4e1od 
4.07 
3296 


SAL 


32073 
Se<ef5 
Seele 
Sen te 
32275 
See 
32080 
53054 
33-80 
33235 
53-84 
335287 
33-90 
fi P= |) 


76- S= 45 
145- 


DEPTH 


0 
10 
20 
30 
50 
fee 
99 

24 
149 
174 
199 
pase, 
248 
298 


e OW 


a7 


DATE 


S07 S776 


GMT 17.0 
1y6 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
ny 
29e26 
Zane 
25048 
29265 
25-84 
29.92 
Cocos 
26.78 
20.82 
20.285 
20.89 
20.93 
26.98 


SVA 


eTece 
27264 
Ll we 
ears t 
23564 
rai he, 
210-6 
149.0 
leas 
12524 
igevo 
118.6 
115-6 
111.2 


POT. 

EN 
© UG 
001 
eUO 
A Oe: 
oz 
20& 
1.16 
1.69 
wea 
260 
wee 
3-94 
4.od 


6424 


SOUND 


Ll4uoe 
L4tue« 
14376 
L4oie 
147ae 
147s. 
L4/1.e 
LG Jue 
1471L.e 
147. 
1470. 
147Ue 
L47Ue 
l47u. 


fice 


UB 


lov 


Po 
PO 
en 


PREOCURE ¥ 


300 


31235 


TEM IRR Ue 
A Lhe 


5O-0.0 N 145-0.0 W 


hO.s7 DAY=hoGths Lise 


Z 33 34 
SaLINITY, 27a 


is 


35 


39 


OFFSHORE OCEANOGRAPHY GROUP 

RERERENCE .NOsefSe «S= .4b/ DATE. B/S 707708 

POSITION 50- .O0Nr 145= .0W GMT 17.0 

RESUGTESPOF cate CAST 208 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN wAS USED DEPTHS ARE INPUT 


Pent Ss TEMP SAL OcPTH SIGMA SVA DELTA POT. SOUND 


uf D EN 
0 9-65 32074 0 29,087 271.0 00 000 1486-6 
16 9.65 32074 10 2ocem L271 «2 e277 201 14866 
20 9264 32074 20 Clee! “Hl eZ 054 e06 1486. 
SU 8-40 32074 30 250¢46 252.9 0°81 el2 1482. 
OU 6677 32-78 50 25073 22802 1.29 052 14766 
fe} 5°97 32-80 ifs) 25-84 21763 1.84 067 1473-6 
100 9015 33-00 oo 26.10 193.4 2637 Viel WH 7ilse 
Leo 4.71 3361 124 26.63 143.2 2.79 1.61 147U- 
150 4.73 53077 149 26-76 131-61 313 2.09 i471. 
175 4654 33283 174 260-82 12562 3645 2e62 1470. 
200 4.33 53-84 199 26-85 122-5 3075 3e21 1470. 
2eo 4.20 33-87 2235 26.89 119.0 4.06 3-86 1470-4 
20 4.10 33-89 248 26.92 11667 4.35 4e57 147U- 


500 3095 $3295 298 26.98 111-1 4.92 6617 1470. 


DB 


PRESOURE » 


dees 


130 


NO 
NO 
SA 


300 


3735 


9 
SAL LNG 


100 


LE MRR Ae rai 
A GS ed 


REF. NO. 


bO-0.0 N 145-0.0 W 


NOe=7 DAT=2 G01 =1960 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
FOS LTRLON a 50m 


(8=.5- 


eONe 


RESULT > OPTSTr CAST 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


0 9-67 
10 9.67 
20 9667 
50 9.63 
SU 7-20 
fea) 6-04 

100 S041 
dae 4.80 
150 4.79 
As) 4.58 
2U0 4.36 
pe 4.18 
250 4.07 
300 5097 


SAL 


32075 
52-73 
32073 
32 «tO 
Se ets/ 
32-79 
5284 
3356 
oho rm Ae) 
3382 
33-84 
33-86 
33-290 
po«79 


49 
145= 


Die PTH 


° OW 


101 


DATE 
GMT 


SIGMA 


~ 
25226 
Bee 
25426 
25426 
25-66 
25-83 
25-94 
26.58 
26.74 
20.81 
26285 
20-88 
26.93 
26.98 


2/ 7/78 
7 7 
214 POINTS TAKEN FROM ANALOG TRACE 


SVA 


272-0 
27202 
27264 
272-0 
23407 
218-8 
208e6l 
1476 
1329 
12664 
12268 
119-6 
115.7 
111.5 


POT. 

EN 
00 
01 
° 06 
ele 
053 
°69 
1.17 
1.68 
2-16 
2069 
3029 
3094 
465 
6-25 


SOUND 


Ll4d3o-~5 
1486-6 
1487. 
1487. 
14766 
1474. 
1471. 
14706 
1471. 
1471. 
14706 
1470. 
1470.6 
1470.6 


300 


UB 


600 


CO 
(S 
oe, 


PReooO UN 


1200 


1900,5 


ee 
SALINI 


TRO EME tA Ona ae 
A GS 12 


SPE, joyll 
S0-O0-0 N 145-0.0 W 


Ge] OF ees et) | ema 


103 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE “NO. 7G= (5= SL DATE “(37 7/78 

POSITION 50= ~20Nr 145- .0W GMT 19.0 

RESULTS OF -STPoCAST 357 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

8) 974 52074 0 25026 27204 00 00 
10 De 74 32674 10 25426 272-6 a7 01 
2U 9-74 32074 20 25226 272-68 ©55 ° 06 
30 Feo 32074 30 250¢29 26964 ©82 ele 
SU 6294 32-79 50 25e71 22946 ke31 32 
Cie 9095 32-82 Fe BOeeo 2ioeS 1.86 067 
1U0U 5016 32¢95 99 26.05 197-44 2.38 1.14 
E25 474 33648 124 26055 15269 2282 1.64 
150 4.73 20609 149 26.74 133-0 3217 2653 
ETS 4.61 33-82 ee 26.81 126-7 3049 2066 
2UU 4eo37 33-85 £99 26.86 122-61 3-80 3025 
225 4.20 33-88 223 26.90 118-3 4.10 3-91 
250 4.08 O5«9} 248 20695 L15«) 4.39 4.61 
300 3-98 53-96 298 26-98 110-7 4.96 6220 
4OU 3-84 34.07 he Ws 27.09 101-8 602 9.98 
560 3071 34216 496 27é17 9405 7-00 14.45 
oUG 3*55 34025 Bs) 27.24 88 «6 7091 19.56 
800 320 34632 793 2t.s55 7920 9.58 31.47 
1000 2-89 34 040 990 2744 71e4 11-09 45-26 
12U0 2262 54246 1188 27.51 6562 12-646 60.60 


15uUU Fale Ke B 3452 1484 27.58 568 14.32 86.09 


SOUND 


1487. 
1487. 
1487. 
1486-6 
1477. 
1473-6 
1471. 
1470. 
1471. 
1471. 
1470-6 
1470. 
1470. 
1470.6 
1471. 
14756 
1474. 
14766 
14756 
14806 
1484. 


UB 


PRESSURE s 


B00 


104 


THEATRE BT UD, =2le 
4 8 Ne, 


REF . 


90-0.0 N 


NG@. 


78 


= ooo a 


145-0.0 W 


MOs=7 DAY=4 GHT=20e3 


9 
SALINI 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO. 


POSITION 


61 Feng 


16= 5= 
e ON? 


KESULTS UF STP CAST 
BISSETT-BERMAN wAS USED DEPTHS ARE INPUT 


sl hd eee pe! 


U 

LU 
eu 
30 
DU 
‘hey 
LUG 
ero) 
tou 
rg Ae; 
20U 
oy 
290 
S3UU 
4UG 
SOU 
60U 
3dUU 
LOUO 
12UU 
15U0 


TEMP 


9.94 
9.92 
3.82 
Be45 
6047 
Rye) 
Coy ae A 
4.68 
4.72 
4.49 
4.28 
4.18 
4.10 
3.97 
3282 
elo 
fe Wij ys) 
Seer 
2-90 
266 
2034 


id 
145- e OW 


105 


DATE 
GMT 


4/ 7/78 
2005 


341 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
en~0e5 
eoens 
Coeat 
29646 
25-88 
26.06 
20-56 
260.79 
26.84 
26.89 
26.92 
20.94 
27.00 
Otek t 
Yk 
Clee 
21.36 
27.45 
ela} 
27.59 


SVA 


Chev 
rst A & 
fal gh OER S, 
251.4 
22465 
eboed 
190-8 
14961 
128.4 
123062 
118.7 
116.6 
114.5 
10924 


DELTA 
D 
© 00 
eal 
04 
°81 
1.26 
1.d2 
2634 
ee77 
Sell 
3642 
Sele 
te Wd, 
4.30 
4.36 
5-90 
6486 
Poe dys 
9-43 
10.91 
Lee? 
14.10 


POT e 

EN 
0 OU 
©O01 
e060 
ele 
co 
266 
Lede 
1.260 
206 
aa? 
Die it 
3.31 
4.50 
6-07 
is Na ag 
14.19 
19.26 
51.04 
44.67 
ope IR a Fe 
85.04 


SOUNWO 


L4Yo7e 
L437 
L487. 
L4dce 
L475 
L471. 
1409. 
l4Y/7ue 
1471. 
147. 
1470. 
14706 
1470 6 
147U- 
147i. 
l4se 
1474. 
L147oe. 
L476 
L4su.e 
1484. 


BU 


UB 


120; 


-— 
CO 
oa 


PRESSURE » 


ZAQ 


30D, 


Z 
SALINI 


106 


TEMPERA TURE he 
A G LZ 


REF... (NB. Fi — B= sot 


0-0-0 N 145-0-0 W | 


Q.-7 DAY-S GMT-17.0 


» U/OD 


Bab 34 
1a 


16 


39 


OFFSHORE OCEANOGRAPHY GRKOUP 


REFERENCE NO. 
POSITION; 5SO0= 


fk 2 nae 


eONe 


RESET SrOR-STR-CAST 
BISSETT@-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


U 9-96 
lu 9-94 
20 9-89 
50 9-13 
50 6097 
15 5°64 

100 4.70 
led 4.71 
15U 4.62 
1S 4.51 
2uu 4.35 
22d 4.18 
250 4.05 
300 3-91 


SAL 


32074 
32074 
32073 
32¢73 
3273 
32674 
32092 
33263 
533479 
533-82 
33-84 
533685 
533-38 
332935 


54 
145- 


DEPTH 


e OW 


107 


DATE 


oS PTS TS 


GMT 17.0 
208 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
29022 
25022 
25022 
254-34 
25-66 
25-84 
26.09 
26.65 
206 
26.82 
26.85 
26.88 
26.91 
26.97 


SVA 


27568 
27567 
27509 
2644 
234-5 
2A tie DO 
19461 
141.4 
128.8 
125-6 
122-6 
12061 
117.0 
112-62 


POT. 
EN 
00 
eO01 
06 
13 
0352 
°68 
1.14 
1.62 
2209 
2-62 
3e21 
386 
4.58 
6.19 


SOUND 


1487. 
1487.6 
1487. 
1485-6 
1477. 
14726 
1469.6 
14706 
1470. 
1470.6 
1470. 
L4¥7U. 
1470. 
1470. 


108 


TE TNeae: feet CURT, ie 
U 4 G L2 3 


oye 


(ery 
4 DG) 
a 
(Ve 
ae 
CS) 
mir ee 
ie 
Cy. 

145-0.0 W 
c40 0.-7 DAY-6 GHT-17.0 
$0035 35 35 344 35 

SALINITY. 0/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO} 
Pie LILON, . 50 = 


Yom) o> 


eONe 


RESULTS OF STP CAST 
KBISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


U 8 OP 4 
10 9.96 
20 9.90 
SU 8.68 
50 6-86 
75 5-99 

100 5.18 
125 4.76 
15U Ge71 
17S 447 
200 4.32 
225 4.16 
250 4.06 
30 3293 


SAL 


52074 
32073 
S2el2 
32071 
32074 
3276 
352-89 
33057 
55079 
33-83 
33-85 
3385 
33-87 
33-92 


56 
145- 


DEPTH 


° OW 
2U1 POINTS TAKEN FROM ANALOG TRACE 


109 


UATE , 6/47/78 


GMT 17.0 


SIGMA 
T 
25-18 
25-21 
2562) 
25-40 
25-68 
29-8) 
26.01 
26.59 
26.77 
20.83 
26.86 
26.88 
20.91 
26.96 


~ SVA 


279-2 
27608 
27608 
25961 
23204 
22065 
201.9 
14665 
129.8 
124.5 
121-6 
120-¢2 
117.7 
112-8 


POT. 

EN 
° 00 
©O1 
06 
o13 
052 
068 
1.16 
1.64 
2el1l 
2064 
30235 
3088 
4 660 
Geel 


SOUINWO 


14856 
1487. 
14837. 
14636 
14766 
1473-6 
1471.6 
1470. 
1471. 
1470-6 
1470-6 
1470-6 
1470. 
1470. 


DB 


PRESOURE ; 


60 


t 2a 


as 
CO 
LZ) 


ZAQ 


300.5 


110 


TEMPERA T Uixess 
t 8 


iS 
ye 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
PUSLTAON-. 5U0= 


The atts he 


0 ON» 


RESULTS. -OF=STP.-CAST 
BISSETT=-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS 


TEMP 


10.47 
10.10 
9.77 
7-91 
6674 
6-02 
5026 
4.76 
4e72 
4.53 
437 
4.19 
4.09 
5°96 


SAL 


32072 
oes tt 
32-70 
52-70 
32077 
32077 
52-86 
53-56 
533-78 
33-81 
33-34 
53-86 
33-87 
53694 


e OW 
213 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


nia 


DATE 


Ee hl be ela | 


GMT 17.0 


SIGMA 
ig 
29-12 
29217 
25.22 
Veo how 
25.72 
25.81 
25.98 
26.59 
26.76 
26.81 
20.85 
26.88 
20.9) 
26.97 


SVA 


28525 
28065 
276-3 
249-0 
228-8 
220641 
20467 
147.61 
130.6 
12646 
122.9 
119.7 
117-8 
112.0 


DELTA 
D 
©00 
0°28 
©36 
°83 

1.31 
1.87 
2-40 
2084 
318 
3250 
308] 
Hell 
44) 
4.98 


POT. 
EN 
00 
©O1 
e06 
013 
032 
067 
1.15 
1.65 
2012 
2065 
325 
391 
4.635 
6625 


SOUND 


1489. 
1485-6 
1487. 
14806 
1476-6 
1473-6 
1471. 
1470.6 
147i. 
1470.6 
1470. 
14706 
1470-6 
14706 


DB 


Ribam eyo iy sire: 


oye 


Le 


—- 
Co 
= 


ZAQ 


3005 


112 


Ted ia (gs ae 
“ GS nz 


Ge? UASH6 Gel ai ae 


13 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78= 5S=- 60 VATE 8/7 7778 

POSITION. 50=- ~2ON» 145-. OW GMT 17.0 

RESULTS OF STP CAST 205 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL Di PTH SIGMA SVA DELTA POT. 


: D EWN 

9) 10.64 Seer 0 25-09 2883 00 00 
10 10.01 52072 10 25.19 278-3 0°28 O01 
20 9.78 Seete 20 25023 27409 °56 06 
30 8-33 3271 30 25045 25461 0°83 013 
50 6-75 32075 50 25-71. 230-0 1.31 32 
75 616 52278 AS) 25.80 221.41 1.87 068 
100 oo 352 «80 99 29090 i265 2041 1.16 
Leo 4-85 3336 124 20042 163-61 2289 1.71 
150 4.75 33072 149 20-471 135-64 3026 2e2e 
175 4.635 3380 174 26.79 126.4 3259 2276 
2UG 440 533-83 pede! 26.84 123-7 3-90 32356 
2ec5 4#e2l 53-86 2209 26-688 11969 4.20 4.02 
2o0U 4.09 53-89 248 20691 11669 4.50 474 
5U0 5-96 33294 298 269.97 li2s0 5-08 6435 


SOUND 


1490. 
1485-6 
L487. 
1482.6 
1476. 
1474. 
1472-6 
147U6 
1471. 
1471. 
1470. 
14706 
1470.6 
1470 ¢ 


UB 


pibdesuvopul eeu 


oye 


Lead 


Co 
—) 


240 


3 00,5 


ETT RAL Cae 
4 G 


Y=O VON: 14500050 


Ge ASS ahd ee 


ba 


the 


16 


39 


TiS 


VF F SHORE OCEANOGRAPHY GixOUP 

Ber ehe NCE. NOs YO 5-66 DAE ..<2/ 40778 

PUSilt0ON,  SUei es 0Ns L4o=) «IW GMT 17.8 

Bee lOoLUrli oir CAST 2U8 POINTS TAKEN FROM ANALOG TRACE 
SISSETT“BERMAN wAS USED DEPTHS ARE ItwRUT 


EPRESS TEMP SAL wer in SIGMA SVA DELTA POT. SOUND 
iF D EN 

U 10-64 S207 0 20210 280.8 ©U0 e000 J49uU. 
ra 10.601 32074 10 20611 286.6 ecJ eid EUs 
cl 9282 320/14 20 25424 274.1 pod ~06 1487. 
J0 Yeo 52-76 30 290357 26244 084 e135 1485. 
D0 7e2l 32-76 50 29265 23554 1.33 “6a. 4S 7Rs 
vo Deel 6256/9 rhs) 2asen0 <c2l.6 1.90 069 LH74e 
16U 5263 32284 99 25-92 210.6 2044 i 1472. 
aS PA ec £O) 332U 124 20eae, Li de 2294 1.74 1470-2 
ele) 4e7/ 33-66 149 26.66 14061 3533 2e29 1471. 
Li S 4.67 Dovel 174 20-679 12664 3267 aeoe Teel. 
2Uu 4.52 voeoD 192 26.84 125-9 3-98 3044 L471 
Zep 4.30 33-86 VARS 260-87 120-8 4.29 4-11 147u- 
GoU 4e15 595-59 246 aoso1! 114.5 4.58 4.35 1L47U6 


3UU 3094 Soe7) 298 €9-98 111.0 5-16 Get+S 147. 


UB 


PRESSURE ; 


300 


bO0 


Se 
SALINI 


116 


TEMPERA | URGeenile 
A GS 


Ria Ns 7 St = eae Sa 


00-0.0 N 145-0.0 W 


We) DATS PO SGN Pallet 


dh 


ee 
s O/SU0 


igs 


35 


1L/ 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. AB= o- Of Diatie 107 “C7 

PUSITION 50— S-ONer 1L45—- .0W GMT 17.0 

RESUL Po OF S37 CAST 3549 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


ERESS TEMP SAL DiPTH SIGMA SVA QOELTA FOT. 

| T D EIN 
U 1U.97 Sie ek 0 2oe0e 294.5 00 O00 
10 SU sD 32071 10 29-03 294-4 0°29 °Uc 
<0 10.20 De eit 20 C2 eto hk ches 056 © 06 
SU 9.87 Sele 30 Aderen Wille 036 met 
DU ht oe we eit 50 25-60 240.0 ison © 34 
ast 6 e4U 52077 ii, eet. e2eaes isd «70 
100 De 74 32081 99 290388 214-2 2250 Doig 
be 4.99 ee aaa & 124 e8ee). AY oye t 3200 1.76 
150 477 33-63 149 20664 14264 339 60k 
be Re 4.269 ye Oh Ch 174 206 L3les 3073 2.87 
2UU 4 e534 gee. 199 2O0RL deo ed 4.05 3048 
200) 4elod 5386 248 20 eio) tL Oe 4.67 4.89 
Suu pes 53092 298 2069o) Dloee De25 beige 
4U0 5283 S54 e055 397 27.06 104.3 6.34 10.4] 
SU Sel 34elS 496 real Brae Bi 9609 7254 15.U00 
OUU 5250 S4e2l ales, Lviee oD Boa T 8.28 20424 
BUU Seek 3430U 19S 2leDS 80-9 9697 Jee oc 
L000 296 340 5& 990 27 ote Poros Plow eco) 46 e642 
l2tu 2263 54 e044 1188 2?.4y Soeh 1.12 .9t 62.07 
L5v0 CooL 54 e5U L444 eleny 6063 14.80 Gi «9 


SOU fhe 


L49,. 
149i. 
1489. 
1467. 
14+7te 
1475. 
147S-e 
i471. 
1471. 
1471. 
1471. 
1470. 
1470. 
1471. 
1473-6 
14¥7oe 
L4 7a 
L4estie 
L464-6 


UB 


PRESSURE ; 


iki 


L350 


[NO 
DO 
en 


300 


31235 


Be 
SALINI 


118 


TRE NYE EE Pet (1 G2 9 
4 G 2 


bO-0-0 N 145-0.0 W 


Nei? raat Gl 7 <0 


OFFSHORE OCEANOGRAPHY GiOUP 


REFERENCE NO. 
a ex 


POSITION 


eONe 


Hew) oe Obe SIP CAST 
KHISSETT=BERMAN wAS USED DEPTHS ARE INPUT 


REDS TEMP 
U lie2l 
lu 11.18 
2U 9.98 
oy 9.258 
SU 7205 
fhe: 9029 
10u 5068 
be 4.95 
LSU 4o7/7 
Ries 4.67 
2UU 4650 
2e5 +o 34 
200 4.17 
30U 4.00 


SAL 


Sete 
32074 
VRE Bo) 
Depew Oo 
32-76 
532-80 
32-85 
Dowel. 
3370 
3083 
33-86 
53236 
53-90 
fe eh ®) 


78- 5= 69 
145= 


DiPTH 


0 
10 
20 
30 
50 
Wo 
99 

124 
149 
174 
199 
Leo 
248 


298 


o UW 
ere POINTS “TAKEN 


3 


DAtte lily, 7778 


OMT 17% 0 


SIGMA 
4 
Cote Dal 
25.01 
25,28 
25050 
Fash en | 
25.80 
20292 
20005 
26.69 
coe} 
2m. 85 
20.88 
26.92 
20.98 


FROM ANALOG 


TRACE 


POs 

Ely 
00 
V2 
e06 
ou 
PF 
209 
Lee Let 
Me 7 
Gee f 
whe 
341 
4e/ 
4.76 
6238 


SOUND 


l4ye. 
149¢. 
146-6 
14doe50 
1477. 
1475. 
1475. 
14 7ue 
1471. 
1471. 
L471. 
L47uU.e 
L470. 
147U.e 


120 


TEMPE RET os tt 
U 4 SG dnd 165 


oye 


OB: 
aia 340 
BL! 
ER. 
aD | 
Ce 
230 
es os 
ae 
10-0.0 N 145-0.0 W 
240 Q.-7 DAY-12 GMT-17.9 
300,% 35 35 34 35 
SALINITY, O/00 


121 


UFFSHORe OCEANOGRAPHY GiKOUP 

PEPER NCE NG ey G= S~ 7 I UATRELA SST / 1S 

POSTPTION! 5U—". s0ON» (1 45—— .0W GMT 17.0 

Roses Ur! > ee CAS | 2v2 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA ELTA POT. 

T D EN 
U 11.20 S202 0 24.99 297-7 sud © 00 
10 14.347 Soe) 10 24.99 298641 © 30 02 
2U Lire S207 1 20 24.99 297.9 ©0600 06 
SU LO a 32070 30 25815" 4282.6 °88 Lo 
5U Te Od 32s7e 50 25eOhe 2397 1.39 0 34 
15 630 Seer o tas eer 2euse 13.97 o 7 
luv 5-62 32683 99 eoevsr) 21 Pau eee 1.19 
125 4.83 335.045 12 26649. 156.0 2-98 147% 
15u 4eBl See 14 149 2ovte 13546 3 eS eeee 
15 “lou “356860 174 26079 126.2 SOT Pa er 
200 4.44 SSeGe 199 260.835 124.9 3.98 SE) 
225 4.24 33385 225 2oues 12190 4.29 4.03 
25u 425 33290 248 2Oeot® LL7sS 4.59 475 


SUL 3098 53095 298 20596 11350 9016 6637 


SOUNL 


L14¥Gee 
1492. 
L49ee 
1489. 
1478. 
1475. 
147e. 
L4Y7fL. 
147i. 
147i. 
L4Y7uUe. 
147Ge 
147uUe 
L147. 


Lec 


TLE MRE R ART Ui seca 
U 4 G lige 16 


1a 


ia 
Td) 
Li | 
aes 
ae 
CID 
ie) 
ise as 
~ Re Ge NG 
oe 
A we N 145-0.0 W 
SOU MOs=7. DAY=$13 6M ha 197.0 
$135 34 35 evi 35 
SALINITY. 0/00 


UF FSHORE OCEANOGRAPHY GiOUP 


REFEKENCE NO. 
POSITION 50= 


eONe 


ReStirtoTOroS TP SCAST 
BISSETT“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


v) Ple2e 
1G 11.18 
cU 9.60 
36 Be67 
0 7202 
es) 6226 

1UU 2e58 
NO a9) 4.73 
1s i) 4.80 
70S 455 
2U6 4.36 
Fa ae) 4e2l 
rae) 4.10 
S3U0 5097 


SAL 


yak few) 
ge<6/5 
32674 
S2073 
52074 
52-79 
32-90 
53-61 
53-76 
33-82 
33-85 
33087 
33-90 
533-96 


Go- 45-75 
145- 


Dc PTH 


e OW 


i3 


URE “Los 1/78 


OMT 17.0 
2i0 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24.99 
25.00 
25-26 
2OeH4e 
25-66 
25.80 
25.97 
20-62 
Zo. ls 
26.81 
20.86 
26.89 
20-92 
20299 


SVA 


2972-3 
29629 
Fab CRS: 
25766 
234-2 
oP «.) 
Besley 4 
143.6 
131.4 
1266] 
Vee et 
115.8 
110.0 
110-6 


DELTA 
9) 
© 006 
© 3G 
058 
084 
Leo 
1.90 
2044 
EMS d 
grea b 
be Ps 
3.84 
4.414 
G43 
5-06 


POT. 
EN 
00 
002 
°06 
013 
032 
268 
1.17 
Lei 
2013 
2266 
3226 
391 
4.00 
Oecd 


SOUND 


L4G9e. 
14%e 6 
148o-. 
L4Yad56 
1477-6 
1474e 
1W47e. 
147u. 
L47i-. 
1470. 
1470. 
L47uU6 
147. 
1470. 


LEMPERA [ete tne 
4 6 Le 
O fs iy aaa ae 


300 
ag} 
7 eae 
id 
a 
za) 
(i) 
"1900 
Gre y= Fol 
at 

50-0.0N 145-0.0 W 

1200 


Mies MOET ale lt ee ae 


1300.5 


OFFSHORE OCEANOGRAPHY GkOUP 


REFERENCE NO. 
POSITION 


chi i 


eONe 


Sooo Cr ott Gaol 
SISSETT-BERMAN wAS USED DEPTHS ARE INPUT 


Phos 


U 
lu 
2u 
OU 
50 
15 

100 
125 
150 
17S 
2U0 
22s 
eo 
SUU 
4UU 
5UU 
oOUU 
800 
10Ub 
1200 
1560 


TEMP 


d Be Bf eo) 
11.25 
8.19 
6-86 
Oecl 
IS {| 
4.78 
4e75 
4.536 
S605 
4e24 
407 
3095 
3-81 
3-70 
53535 
9015 
290 
2067 
2035 


SAL 


32073 
S272 
32.73 
Se.7e 
32.73 
52076 
32.94 
33052 
$3075 
33.81 
33.83 
33086 
3389 
33095 
34.05 
34615 
54022 
34.32 
34240 
54644 
3450 


78- 5- B1 
145- 


DEC In 


e OW 


125 


DATE 14/ 7/778 


GMT 17.0 
5U3 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24.99 
24.98 
25219 
25648 
eosO7 
25-78 
26.00 
20.55 
26.74 
20.84 
20.88 
20-92 
20.98 
Zilia 07 
PAL SSA Os 
27.24 
265 
27.44 
27.49 
2teor 


POT. 

EIN 
0 00 
°c 
eU6 
e153 
032 
©0 
140 
1.66 
Zeid 
2209 
$629 
3295 
4.606 
6226 
10.07 
14.57 
19.70 
Soe oe 
45.2356 
61.01 
87.28 


SOUND 


L4Ge-56 
1492. 
L4BoEe 
l4dle 
L4Y7oe 
1474-6 
147. 
L471. 
147]. 
147U. 
147U- 
147. 
L%7 Ue 
14/1. 
i47de 
1474- 
147oe 
147b&e 
143G- 
1464. 


ae 
SL20 
Li J 
GE 
TE) 
i 
A OG 
Ge 
fc. 


yO 


ZA0 


3 00,5 


126 


TEMBERAT Quine walt 
A G 12 


=f) ee a ee 


90-0-0 N 145-0.0 W 


H@.-7 DAY-15 GMT-17.¢ 


OFFSHORE OCEANOGRAPHY GikOUP 


KEFERENCE NO. 
POSTTLION. SU= 


e ON? 


ReIVEhaTOr “olt CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


UL ss ree | 
LU sa yay | 
Pan) 10.46 
OU 6-89 
OU 7-09 
7 6207 

10U e444 
eo 4.78 
rou 4.70 
5 i 4254 
200 4.31 
ae 4e14 
25U 4.05 
SUG 3693 


SAL 


52-73 
S205 
See so 
32-76 
52-76 
52075 
32095 
533099 
53077 
5051 
53-84 
33687 
SIO Spe 
Soe 77 


Tb= 5- 83 
145- 


DEPTH 


8) 
10 
20 
ofl 
50 
15 
99 

124 
149 
174 
199 
223 
248 
298 


© OW 


127 


ore! LOS 17 he 


GMT 17.0 
205 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
rT 
25.00 
25 ¢00 
25 « 4 
25641 
2206T 
25782 
20.02 
260.58 
20.76 
26.81 
20.86 
26.89 
260.94 
27.00 


SVA 


297«1 
297.23 
283-6 
256.5 
23308 
eee ed 
200 64 
146.1 
131.2 
126-7 
12262 
118.6 
114.9 
109.6 


DELTA 
D 
eU0 
° 50 
©59 
037 

Jes ties 
De te 
2 04S 
Ceol 
522 
3-54 
3-85 
4.16 
44s 
5-01 


POT « 

EN 
e00 
02 
©06 
oe 
wou 
°69 
Vso 
Peoo 
Zee 
2007 
3226 
3291 
4.62 
6.19 


SOUND 


149. 
1492. 
1489-6 
14654. 
i477. 
1474. 
L47ee 
1470. 
1471. 
147u- 
1470. 
147U.- 
L147U- 
147Ue 


128 


60 


ha BB 
1 in 
Shar wad 
a ual 
a3 
yd 
ents 
Giese 5 - 184 
i 
40-0.0N 145-0.0 W 
240 iG.-7 DAY-16 GMT-17.0 
300,5 35 344 
SALINITY, 0/00 


LEMP ERAT CHRD sate 
4 S bee 


16 


oe 


129 


OFF SHORte OCEANOGRAPHY GixOUP 

BERCRENCE NO. VO" S— .84 DATE 16/ 7/78 

FOS 14-10N.-50=~-2 ON». 145 =~ 0. 0W GMT 17.0 

Result to cUb Role CAST 198 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


in es TEMP SAL DEPTH SIGMA SVA ete kA POT. 


T D EN 
J i areas) See7l1 0 24.98 295.9 «00 © 00 
1U ilead a a TO 24-98 2986-8 e350 eUc 
éU 9.69 wewle 20 Coeee 219+ 059 ° U6 
SU 9-26 Deela 30 2oeoe. 2olel ele e154 
DU hia ko ye, 50 29-64 236-8 1.45 033 
ES 034 for ET he) LS ale Gi a ile od he HRY d ie © 70 
10 556 5296 Se) 2e.U0r - 201.0 2047 1.17 
Leb 4.86 533048 124 26.51 15467 2.92 1.69 
150 4.69 soel/ 149 2600/0) Lol. 5 3227 216 
Ess 4.54 Sobel 174 20.81 126-6 3059 eek 
een 4.19 30259 geo 26-88 120-5 4.20 3-96 
2ou 4.14 33-88 248 20390 117.9 4.50 4.66 


S06 Deos 3o99) 298 20,90 (14248 5-08 6.29 


SOUND 


L149¢.4 
1492. 
L'}G7e 
1455. 
L477. 
L475. 
1L47ce 
147uUe 
1471. 
147uU. 
147U. 
L4¥7Ue 
147. 
1470. 


300 


DB 


600 


cS 
ce 
SS 


PRESSURE, 


lZ2eU 


1900," 


Be 
SALINI 


130 


TEMPERF | Cite age 
A G Hex. 


y= 135 


S0-0.0 N 1450.0 


Me =7 (WATS) Ghd a 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSITION 


12) td 


ON? 


RESUL oO or Str ‘CAST 
BISSETT@BERMAN wAS USED DEPTHS ARE INPUT 


PRESS 


G 
lu 
au 
OG 
5U 
[ies 

1u0 
kes 
1l5bv 
LES 
2UU 
224 
25U 
30U 
4UU 
5UU 
OUD 
BUU 
LUUU 
L2uu 
1500 


TEMP 


11.03 
11.36 
9.86 
Sel5 
7203 
0e33 
3055 
4.91 
4e78 
+666 
4.52 
4.36 
4e2l 
5-98 
582 
ne AS: 
Pp §) 
Swed 
2095 
2206 
2034 


SAL 


352074 
32073 
See T4 
32074 
32674 
32-78 
32-98 
2o0 09 
SS ha 
33-81 
33-84 
33-85 
he for fic! 
Ko of San 
34.206 
54015 
S4Heed 
34232e 
34240 
34646 
54252 


JGr Dr BD 
145- 


Dc PTH 


0 
10 
20 
30 
50 
t5 
99 

124 
149 
174 
199 
cas 
248 
298 
397 
496 
995 
193 
990 
1188 
1484 


o OW 


13d 


SATE La 7 18. 


GMT 17.0 
325 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
F 
24.97 
24.97 
20 aes 
29450 
20266 
250078 
26.04 
20.44 
26.71 
20.79 
20286 
20.90 
20.98 
27.08 
2ivio 
elves 
27-34 
27.43 
2650 
27.58 


SVA 


299-3 
29929 
CT4.7 
249.4 
23405 
22303 
199.1 
lole4 
POSS 
12661 
12465 
12c5.2 
118.6 
Pil'sS 
102-5 
95-8 
seks. 
Bie leot g 
Te0e 
0509 
591 


DELTA 
D 
© U0 
© 50 
°09 
035 
1.34 
1.91 
2044 
2.90 
3026 
3259 
Je91 
4.ecl 
4.52 
5-209 
6.16 
7015 
8.08 
9.75 
12-66 
14.53 


POLY 

EN 
© 00 
e02 
«06 
013 
32 
°09 
1.16 
1.08 
eeu? 
2013 
36 34 
4.00 
4.73 
6634 
10.16 
14,70 
19.388 
31.80 
45.70 
Crea? 
£6.92 


SOUND 


1493. 
1457. 
1461. 
1477. 
Pe sé 
1472-6 
Tey @ 
1471. 
1471. 
1471-6 
1470. 
147» 
147. 
1471. 
1473. 
1474. 
L47oe 
L476 
L454 6 


DB 


PRESSURE » 


fis 


1350 


PO 
NO 
en 


300 


37935 


a2 
SALINI 


137 


TEMPE RTGS ssi 
- GS LZ 


bO-O0-0 N 145-0.0 W 


Ha .=% CRYstS Gh i=Lr.0 


OFFSHORE OCEANOGRAPHY GikOUP 


REFERENCE NO. 
POSLTION .50= 


78=- 5= 
eONe 


Po SoU oOvUrcoIr CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS 


TEMP 


11.53 
11.53 
10.28 
9.60 
7.34 
6432 
556 
4.84 
Re 77 
4.60 
447 
4.23 
4.16 
3.97 


SAL 


32674 
32674 
3276 
3276 
5276 
32-80 
52-96 
33256 
33681 
3385 
Joeun 
53-89 
ooeve 
Soe7T 


87 
145- e OW 


DEPTH 


133 


VALE. 58/7 017/18 


GMT 17.0 
196 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24.95 
e+.95 
29-18 
25029 
25-63 
25-80 
26.02 
26.57 
26.78 
260.83 
26.86 
26.90 
26.93 
26.99 


SVA 


OL oJ 
Sue ed 
27929 
26902 
257101 
221-4 
200-6 
148.3 
129.0 
124.4 
121.7 
117.9 
1G leo 2 
109-9 


DELTA 
D 
© 00 
© 30 
059 
°87 
1-36 
1.94 
2047 
2e91 
3024 
3-56 
5087 
4.17 
446 
5002 


SOUNC 


1493. 
1495. 
1489. 
1447-6 
1478 e 
1475-6 
1472. 
1470. 
1471. 
1471. 
1471- 
1470. 
L47U 6 
L47U. 


DB 


Lou 


DO 
NO 
CG] 


PRESSURE » 


300 


37335 


3 
SALINI 


re NOs 


O-0.0 N 145-0.0 W 


M@.-7 DAY-19 GMT-17-0 


Riis 34 39 
ial ta seed Ol/adlbs 40) 


135 


OFFSHORE OCEANOGRAPHY GkKOUP 

REFERENCE NO. 78= 5= 89 Te) ie Le aga ap ae a 

POSITION 50- .ONr 145- .0W GMT 17.0 

RESULTS: OFe SIPs CAST 159 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEP a SIGMA SVA DELTA POTe 


iu D EN 

U 11.7U 32071 0 24.89 30761 00 00 
10 11.65 3271 10 24.90 306-4 e351 °02 
20 10.18 32e7e 20 Zoey. 2bi<5 eo] ° 06 
30 8-86 S2e7e 30 2oe0G, coli i 088 e1lS 
50 7032 32674 50 LOwOr I 2 Sbis 1.37 035 
4D 6024 5276 vo 20018 ‘22505 1.94 e/0 
100 3¢56 32-94 99 260.01 202-0 2048 Lisl, 
125 4-81 Soe DS 124 26-56 149.9 293 1.68 
150 470 53-78 149 eO./76 15161 5027 2e17 
75 4e55 33-81 174 26.81 126-8 3259 2.70 
eUl 4.40 33-835 199 26.84 123-9 5091 Dis DU 
Fatal 4e22 53-84 225 26.86 121-6 G22 3296 
25U 4.08 53-89 248 2osI%e. lide 4.51 469 


SU0 3-98 Soe se 298 260.96 113-4 5-09 6-30 


SOUND 


1494. 
1494. 
1486. 
14646 
1478. 
1474.6 
L47ee 
14706 
1471. 
147U. 
1470. 
1470. 
147U- 
1470. 


BU 


DB 


1 28 


—- 
QO 
ey 


PRESOURE ; 


ZAQ 


300,; 


136 


FEM BE RoR) uli be rete 
4 G LZ 


Bie NUN Gioer eye oe 


6P-0-0 N 145-0.0 W 


ia al DE ey ead ea 


Z SES 34 
iL eNd ai» 0 7.08 


16 


Sis) 


Tor 


OFFSHORE OCEANOGRAPHY GROUP 

itr oN) ee os: Oe DALE. 20/7/78 

POSITION 50—- -.ONe 145=. .0W GMT 17.0 

RESULTS OF STP CAST 201 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


BReSoO TEMP SAL DtLPTH SIGMA SVA DELTA POT. 


uy D EN 

v) 11.76 32074 0 ev eu. 2 OUG wo 00 000 
10 dhe fic 32072 10 24.89 306-9 0 Si 002 
eu 10.94 S2e71 20 29°03 294.4 eOl © 06 
SU 9.37 32073 30 2oepl  sooc) 0 88 e13 
20 7238 3273 50 25-60 23969 1.39 0 34 
ips: 60+ 33 32/76 Une: a8eeho “eeco«U 1397 070 
10C De61 32-94 og 260.00 20266 2.50 1.16 
We 9018 33044 124 20644 lboleed 2096 1.70 
150 4.79 33074 149 260672 134-4 3032 eee 
Lis Se Ae) 33-80 174 20015. Cledgeo 365 2075 
2uu 4.51 33-83 192 CO sOO5 tees ol 3096 3035 
2c5 4.28 33-85 e235 26.87 12164 Heal 4.02 
250 Geld 533-86 248 2606910 “bigest 4.o7 4275 
300 4204 Re oe Ihe 298 26-95 11546 oan Bo) 6636 


SOUND 


1494.6 
1491 6 
1486.6 
1476. 
14756 
L4726 
14726 
1471. 
1471. 
1471. 
1470 « 
1470-6 
1470.6 


300 


DB 


600 


PRESOURE ; 


Set 
SALINI 


Ete Rt Ute gan Le 
4 G Nhe 


Sia che 


90-0-0 N 145-0.0 W 


Moe =? UR) Se vol aia 


139 


OFFSHORE OCEANOGRAPHY GKOUP 

RECERENGE .NO «wim <o7 9S DATE s2L/ 41/78 

POSITION 50- .ONe 145- .O0W GMT 17.0 

Reottieterr Ort PrCAST 313 POINTS TAKEN FROM ANALOG TRACE 
HISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DcPTH SIGMA SVA CELTA POT. 


T D EN 

U 11.91 32674 0 24.88 3086 00 © 00 

10 11.43 De etl 10 a4#e95 301-2 031 002 
2U 9.91 32074 20 25023 2755 0b9 © 06 
SU 92135 32674 30 Coro Ve6S sof °86 013 
SU fed 32675 50 BOWS) ted 26 1.35 eo 
he) 6-644 Je #aet ee SrelO tegen) 1.93 269 
100 9263 32294 99 25.99 203.4 2046 1.17 
125 4.86 33640 124 26.45 106042 2.92 1.69 
150 4.79 33-81 149 262.78 129641 3227 217 
175 4.62 33-83 174 26.81 126290 ret: 2.70 
200 4.39 33-85 199 26.86 122-61 3.90 3229 
Fa i 4.21 33-88 eeo 26.90 118.4 4.20 395 
250 4.07 33-90 248 26.93 115-4 4.49 4.65 
300 3.97 he Re P= be 298 26.98 111.0 5-06 6625 
400 3-82 34205 S77 27.07 103-3 60613 10.06 
500 SyWds) 34214 496 27.15 9625 7-12 14.60 
600 3-61 34-21 599 27.22 90e1 8.05 19.81 
80G Sse 34-32 793 27.35 7901 9.74 31.80 
10U0U 2.90 34241 990 27.45 70+8% T1.22 45.38 
12u0 2264 34-48 1188 27.52 OSes SF Siteso7 60.55 
1506 2032 34-52 1484 27.58 56809 14.641 85.77 


SOUND 


1494. 
1493. 
14866 
1485. 
1476. 
1475-6 
1472. 
147U. 
1471e 
1471. 
14706 
1470. 
147U. 
L471. 
1475-6 
1474. 
1470.6 
147b5-6 
1480. 
1484. 


140 


TEMPE RiBRT Baste, pasm 
4 GS 2 


ia 


i 
Ga 
150 
Li 
cal 
as) 
ce) 
2 ns 
Li] 
Bees REF. NG. 78 - 5 - (94 
a 
[0-0-0 N 145-0-0 W 
300 
M@.-7 DAY-22 GMT-17-0 
37935 


oe 
SALINI 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSITION 


50 


1o- = 


oON»e 


Bevo ol CAS). 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS 


U 
10 
ray) 
3U 
30 
vhs) 

100 
1<e5 
150 
SF Ae) 
20U 
ee) 
250 
SUG 


TEMP 


11.85 
11.84 
9.88 
8-73 
7-07 
6-08 
ow As) 
482 
4.75 
4.64 
4.51 
4.30 
416 
4.02 


SAL 


Syd 
32075 
52¢73 
52074 
32-76 
52-78 
3287 
33e17 
33-70 
53-768 
33-82 
33-85 
3387 
35095 


94 
145=- 


DEPTH 


° UW 


141 


DATE 22/ 7/78 


GMT 17.0 
194 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24.88 
24.88 
25.22 
25.42 
25.67 
25.81 
25.93 
26.27 
26.70 
26.77 
26.82 
26.86 
26.89 
26.96 


SVA 


50802 
30863 
275-6 
257e7 
233-6 
22061 
209-6 
176-8 
136-9 
130.0 
125-8 
121.6 
118.8 
113-4 


POT. 
EN 
00 
002 
°06 
e13 
©3533 
069 
1.17 
Dero 
2625 
2.80 
3041 
4.08 
4.81 
6.43 


SOUND 


1494.6 
1494. 
1487-6 
1483.6 
1477. 
L474. 
1473-6 
1470. 
1471. 
1471. 
1471.6 
1470. 
1470.6 
1470-6 


UB 


PRESSURE » 


fis. 


150 


NO 
NO 
CG] 


SNe) 


S135 


Bie 
SALINI 


142 


TEMPERA | ORB sis 
GS eZ 


HO-O0-0 N 145-0.0 W 


Mare! / SOM eas SGM ale iae 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO- 
POST TiON-—-Se+ 


om a 


e ON» 


RESULTS OF STP CAST 
BISSETT=“BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


8) 12.34 
10 12405 
2u 11.70 
SU 9695 
90 T7045 
to belo 

100 D021 
125 4.76 
150 4.73 
175 40635 
206 443 
ecd 425 
256 412 
300 4.00 


SAL 


32071 
o2e7l 
32071 
32072 
3273 
32077 
32295 
33044 
3376 
33-81 
33-84 
SOV Oy 
533-90 
Soe BO 


95 
145- 


e OW 


143 


DATE 237. 7/78 


GMT 17.0 
164 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
v 
24.77 
24.77 
24.89 
25027 
25259 
25.80 
26.05 
20.49 
26-74 
26.80 
26.84 
206.89 
26.96 


SVA 


318-5 
316-5 
307-5 
271-6 
24008 
221-8 
197.8 
19069 
13267 
1276 
12364 
119.6 
116-2 
113.1 


DELTA 
D 
© 00 
032 
064 
°92 
1243 
2-01 
2253 
2.97 
Xe re He 
3265 
3296 
4.27 
4.56 
5013 


POT. 

EN 
00 
°02 
° 06 
014 
0 34 
71 
1.18 
1.68 
2017 
2e71 
Sed 
396 
4.68 
6.28 


SOUND 


1496. 
1496-6 
1494. 
1486. 
1479. 
1474. 
1471. 
1470.6 
1471. 
1471. 
1470. 
1470.6 
1470. 
1470.6 


300 


UB 


600 


JOO 


PRESOURE 3 


1200 


1300.5 


Be 
SALINI 


THEPPEEFSTA TT CUEIRGS ue nTe 
é G ie 16 


Sie bt 
S0-0-0 N 145-0.0 W 


Mei? (ORAZ (OMe 


145 


OFFSHORE OCEANOGRAPHY GkOUP 

REFERENCE NOY 75= 5-101 DATE 24/ 7/78 

POSITION 50- -«ON*e 145- OW GMT 17.0 

RESULT S™MORTSTP ‘CAST 321 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL De PTH SIGMA SVA DELTA POT. 


iu D EN 

U 12.46 Deel 0 24-76 31942 00 ° 00 
10 12.46 32072 10 24.76 320¢1 ©3532 02 
20 12.46 3272 20 24.76 320+3 064 007 
SU 10.02 32075 30 25-20 278-0 094 e014 
50 7045 32-78 50 25-63 237-0 1.45 oh) 
tee, 6621 52-80 he 25-81 2201 2e01 e/l 
1006 5056 32298 99 26.03 199-5 2654 1.18 
125 4.47 33041 124 POs U0. Vaoee 3200 1.69 
150 4.70 SS 17 149 26-76 131-2 5235 eer 
1/5 4656 33-82 174 26.81 126-61 3267 ae fe 
2U0 4eo37 53684 199 26-85 122.7 3-98 3031 
reo 4.23 33-88 225 260.90 118-6 4.28 belie Mf 
250 4.16 33-90 248 26.92 116-6 4.58 4.67 
3UU 4.02 33296 298 20.98) tile Se15 6027 
400 382 34205 397 Cla Oi NO Sie 622 10.10 
500 3074 34e15 496 27.16 95-8 teak 14.62 
6U0 358 S4e22 295 27.23 89.7 8.14 19.82 
800 3022 34232 wae 27.34 ecko, 9.82 31.80 
1000 2.87 34240 990 27.44 VO084 ‘L1leS2 45-56 
1200 2e61 34046 i188 21.5) 64.9 12.69 60.84 


1500 2233 34052 1484 27.58 59¢0 14.54 86-22 


SOUND 


1496. 
14906 
1496. 
1485.6 
1479. 
1474.6 
14726 
1409.6 
1471. 
1470. 
147Ue 
1470 e 
1470-6 
1470.6 
1471. 
1473. 
14746 
14766 
147856 
1486. 
14064. 


DB 


PRESOURE s 


oye 


bya 


— 
ee 
=) 


240 


3 00,5 


ane 
SALINI 


146 


TEMPERATURE» .€ 
+ S 


M-O0.-0 N 145-0.0 W 


Go- 7) CAW=2ot Chi 7G 


LZ 


16 


ere 


147 


OFFSHORE OCEANOGRAPHY GROUP 

RERERENCEG NO. 76<..5-108 DATEL 25/17/15 

POSITION 50—- -ON*e 145=- .OW GMT 17.0 

RESULTS: Ofc STP.-CAST 193 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

0 12.50 S2e71 0 24.74 321.4 ©00 00 
1U 12.49 Sete 1 10 24.78% S2le3 °352 °02 
20 9294 32e72 20 25021 277-4 °63 °06 
SU 8-60 32073 30 25043 25664 °90 013 
50 0083 32-78 50 Zoele en900 1.38 033 
1D 5°96 32-81 Was 25-85 21664 1.94 068 
100 4.68 Sowle 99 26225 17961 2644 1.13 
125 4063 53062 124 260.65 141-62 2285 1.59 
150 4.72 Soe ly 149 2O0e76 lSleGh: Sie lB 2.06 
LS 4.54 33-82 174 260.81 126-3 351 2259 
200 4.35 33-85 19 20.86 121-7 5282 3019 
"agai 4e24y 33-86 225 26.88 120.0 4.12 3.284 
250 414 33290 248 26.92 116-4 44] 4.56 
30U 3-99 33-94 298 COs9/, lla S 4.99 6-16 


SOUND 


14966 
1490-6 
1486-6 
1483.6 
1476-6 
14736 
14609. 
1470-6 
1471.6 
1470. 
14706 
1470 6 
1470-6 
14706 


DB 


PRESSURE » 


jan 


Ucn 


NO 
RO 
CC] 


3UG 


37235 


34 
SALINI 


148 


TEMREREAIUK Gave 
a G he 


bO-O0.-0 N 145-0.-.0 W 


Moa) DAYS 2er Grit is 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO- 
POSTTION "S50- 


e ON? 


ol Bel Dae LO) SSR Wa A be SW 
BISSETT@BERMAN wAS USED DEPTHS ARE INPUT 


Phe oo 


0 
10 
20 
50 
50 
ee) 

100 
eS 
50 
175 
20vU 
225 
250 
300 


TEMP 


12.57 
12.52 
10.73 
9-75 
7-20 
6617 
5047 
449 
4.70 
4.61 
4e45 
4.36 
4e17 
4.06 


SAL 


32071 
32671 
S2e71 
32-72 
$241) 
oye be) 
52094 
53332 
Soert 
33081 
33285 
Joeor 
33287 
33294 


78- 5-105 
145- 


DEPTH 


° OW 


149 


DATE 


e6/t 1448 


S14 lat a 
201 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
A 
e4e tS 
24.74 
25.06 
290624 
25-64 
25-81 
20.02 
20043 
26.71 
26.80 
26.85 
26.87 
20.89 
26.96 


SVA 


32207 
3219 
290-9 
274.6 
23661 
22046 
201.0 
16261 
1356 
bal Nee 
122.9 
120.7 
119.0 
113.0 


DELTA 
D 
©00 
°32 
064 
©92 

1.641 
1.98 
2.51 
2.97 
334 
3266 
3097 
4.28 
4.58 
5016 


ROT 

EN 
00 
°0e 
206 
014 
0 34 
70 
1.17 
1.70 
Cert 
2075 
aa att 
401 
4.73 
6.36 


SOUND 


1497. 
1497. 
1490. 
1487. 
147%. 
1474. 
147ee 
1469 e 
1470. 
147i. 
1470.6 
1471. 
14706 
1471. 


300 


UB 


600 


CO 
C2 
Ss. 


PREOOURE » 


1200 


1300," 


150 


GEMS bind) LUT Bede 
“ GS Wil 
Le 


16 


RE. ONG 1S =— 3-06 


90-0-0 N 145-0-.0 W 


MGs 2 7 VBATee 7 VON T si 7 0 


D aie OM aes 
SALIANINY., Como 


isp 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78- 5-106 Dates cl 1/78 

POSITION _ SU=—...oJNe 145—... ofW GMT 17.0 

Re OU io. OF SIFECASI 3i2 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

0 12.61 32072 0 wae fon) Seete U0 00 

10 12.59 5272 10 24.73 322-5 °52 °02 
<U 12.50 52071 20 24.74 321.28 °65 07 
SU 9-64 52073 50 25-26 27242 0°93 014 
D0 7-10 32077 50 eveO7> cd3¢2 1.43 0 34 
np) 5087 32082 ts 25-87 21466 1.99 269 
100 3014 32-88 99 ebe0he. 20ilaS 2051 1.16 
125 4.92 33043 124 26-47 158.6 2294 1.65 
156 4e77 Soe/5 149 20073 1335-4 330 2216 
La 4.65 533-83 174 26-81 12664 3263 2069 
20U 4.48 33-835 199 26.83 124.8 3094 3029 
ceo 4.24 533-88 223 26.89 118-7 4.25 3095 
250 4.10 $o690 248 260-92 11662 454 4.66 
3UG 3097 Soe eo 298 20698 liiel Sell 626 
4OU 3-80 34.06 397 27.08 102641 6.18 10.06 
SOU 3073 34014 496 eles 9603 Tao, 14.59 
600 53-56 34.22 aes) 27.23 89-2 8.09 19.78 
8UG 3022 34231 193 27.34 80-4 9.78 31.76 
1600 2092 34239 990 27243 7204 11-29 45-200 
1200 2265 34 45 1188 27.50 66-0 12.67 61.05 
150U Gea 34251 1484 elest 6063 14.55 86.96 


SOUND 


1497. 
1497. 
1497. 
1487.6 
1477. 
1473-6 
1470. 
1471. 
1971s 
1471. 
1471. 
14706 
14706 
1470.6 
1471. 
1473-6 
1474. 
14¥7o-6 
1476. 
1484.6 


DB 


PRESOURE ; 


BU 


Be 


— 
Co 
OC 


ZAQ 


300.5 


Siz 
SALINI 


12 


TEMPE RAT Uline re 
a S L2 


YO-0-0 N 145-0.0 W 


Gt.=77 UA=2e Ghia 7. 


153 


OFFSHORE OCEANOGRAPHY GROUP 

Bee ReNCE, NOs Lo="o-107 DATE 28/ 7/78 

POSITION 50—- -ON*e 145—- .0W GMT 17.0 
RESULTS:-OF-S1TP.-CAST 174 POINTS TAKEN FROM ANALOG TRACE 
BISSETT=BERMAN wAS USED DEPTHS ARE INPUT 


PRESS TEM SAL DERI SIGMA SVA DELTA POT. 


T D EN 

U 12.56 52067 8) 24.70 325-4 ©00 eQ0 
1U Pe5. 350 3267 10 ete4e J25e7 e353 002 
20 12.54 32067 20 24.70 32564 °65 ©07 
50 10.29 32-67 30 25-11 286-9 °97 e015 
50 7230 32-70 50 29.59 241.1 1.50 e 36 
(he) 606 32019 Fie, 25-82 219-44 2207 72 
100 5044 52-80 99 25-95 20763 2.60 1.20 
1le5 4.85 33045 124 26.49 156-3 3-06 1.73 
156 485 5378 149 26-74 13264 3042 2022 
to) 4.69 33-83 174 26-81 12648 3074 2075 
20U 4.38 33-86 199 20.86 12Te> 4.05 3659 
225 4.19 33-88 223 20590: 1t8<s2 4.3535 4.00 
aU 4.08 33-90 248 Euews Lise 4.64 4.70 


300 4.01 33-96 298 26.98 111.0 5e2l 6.29 


Ce) 
128 


PRESSURE » 


BU 


a 
CO 
CO 


ZAQ 


300.5 


BE 
SAL LNG 


154 


TEMRE Rit! UR Em. e 
4 SG Pe 


Ss = 166 


J0-0-0 N 145-0.0 W 


Q@.-7 DAY-29 GMT-17.6 


OFFSHORE OCEANOGRAPHY GkOUP 


REFERENCE NO. 
Poo ULoN, 50+ 


eONe 


fe SULT > OF Sir CAST 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP 


0 12.62 
10° 12.43 
20 10.56 
30 8.05 
50 6.99 
75 5.87 

100 5049 

125 4.82 

150 4.65 

175 4.68 

200 447 

225 4.26 

250 4.15 

S00. Da 


SAL 


32-60 
3266 
32+68 
32069 
Jee TD 
32079 
32096 
3336 
33269 
33-80 
33484 
533-86 
ie o> yf 
33°95 


13) 5-106 
145=- 


DEPTH 


e OW 


155 


DATED 297" 178 


GMT 17.0 
169 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
24.63 
24.72 
25-07 
25-48 
25.67 
29-85 
26.03 
26.42 
26.70 
26.78 
26.84 
26.88 
26.90 
206.97 


SVA 


331-7 
32420 
290-4 
251-8 
233503 
216-8 
200-0 
162.7 
1366 
1289 
123-9 
1202 
118-67 
111.7 


POT. 
EN 
200 
©02 
e006 
e13 
0335 
069 
1.15 
1.66 
Zeld 
20735 
3034 
4.00 
4/2 
6.33 


SOUND 


1497. 
14966 
149. 
1481. 
1477. 
1473-6 
1472.6 
1470. 
147U. 
1471. 
1471. 
1470. 
1470.6 
1470.6 


156 


TEMPERAT URitee, vas 
é GS yas 


300 

eB 

Sam 

Li J 

re 

em 

6G) 

CB) 

WIS OO Pir. N@e Vo = 5S - 109 

ii 
S0-0.0N 145-0-0 W 

1200; M@.-7 DAY-30 GMT-18-.0 

1SU0,) 35 343 34 35 
SALINITY, O/00 


157 


OFFSHORE OCEANOGRAPHY GKOUP 

REPERONGCE UNO. WG="S—109 DATE 30/ 7/78 

POSITION 50- -ON*e 145- .0W GMT 18.0 

RESULTS OF MSTRSCASI. 223 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

U 12.22 52-68 0 erad!  soLOeo © 00 e00 

10 12.18 32-68 10 e's? ~S1S6e0 e32 °02 
50 7634 oa Whe: 30 ZoOgoD Seo eo e86 ele 
9U 6215 32-80 50 259-82 21962 1.31 031 
vO 5043 32079 fOr) 25.90 211.8 Lurdsia) 065 
106 4.74 32-94 99 26.10 193.0 2.36 1.10 
be 4.74 33047 124 256001 “154 9) 2.78 1.59 
150 4.64 33677 149 coerce 7F350485 3213 2.07 
175 4.57 33-82 174 26.81 12663 3045 2260 
200 4.36 33484 199 26.85 122.8 3276 3.20 
225 4.18 53-86 223 26.89 119.5 4.06 3685 
250 4.07 33-89 248 26.92 11642 4.36 4.57 
300 4.00 33-94% 298 260.97 11264 4.93 6216 
40 3-81 34.203 397 27.06 104-1 6-01 10.03 
500 3-72 34213 496 27.15 96-9 7.02 14.62 
600 3254 34.21 595 elecs 89-6 7095 1945 
380u 3220 34.32 793 27.34 7967 9.63 oy Be 
1000 2-89 34239 990 27243 7203 11-14 45.605 
1200 2264 34044 1188 27649 66e9 teens Cl ek 


1500 22335 S4e51 1484 27.58 59e«5 14443 8722 


SOUND 


1495.6 
14956 
1484. 
1478. 
1474. 
1471. 
1409. 
1470-6 
1470. 
1471. 
1470. 
1470. 
1470. 
1470-6 
1471. 
14736 
1474.6 
1476-6 
1478-6 
148U 6 
1464. 


158 


TEMPERATURE. C 
d ; 19 


300 
aa) 
at 010 
jal 
‘al 
a) 
(‘e9) 
Ch) 
WIIO0 Rr s ANG. FRG = Hb oe Fel 
Fpe 

49-49.0 N 142-40.0 W 

1200 MG.-7 DAY-31 GMT-93.0 
1500.4 


Be 
SALINI 


159 


OFFSHORE OCEANOGRAPHY GROUP 

HERERENCEY NO. f68- 5-111 DATE -3.L/" FAS 

POSITION 49-49.0Ne 142-40.0W GMT 9.0 

RESULTS. .OF..STP-CAST 257 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRED TEMP SAL DEPTH SIGMA SVA DELTA POT e 


T D EN 

U 13.16 5266 0 Chel Seo 00 00 

10 13414 32-66 10 24058; 33B7e2 054 002 
2U Lie 59 32.66 20 24iel2, 32505 0°67 007 
SU Be2l 32-69 30 25045 253-9 °96 014 
DU Tele 320/76 50 25-66 23422 1644 0 54 
TS 6023 $281 75 25-82 2196 201 70 
100 3053 32095 99 26.01 201.4 2054 1.17 
lS 5014 35% 35 124 2Oe,7! Ll67s5 3200 1.609 
150 5e01 33074 149 26.69 13762 337 2e2l 
175 4.84 33-84 174 26.79 128.0 3.70 276 
2U0 4.59 3386 199 26684 123-7 4.01 336 
225 4.38 he ono / 225 260-87 120-9 4.32 4.02 
250 4.22 33-90 248 260-91 117-4 4.62 4.74 
300 4.07 33294 298 2606.96 11361 9019 6636 
400 3-88 34-04 597 27.06 104.3 6228 10.24 
500 380 34el1l2 496 27.213 9863 7230 14.88 
6U0 53262 3420 525 EME Weat ie 8.24 20.18 
8U0 3025 34-31 793 27.33 80 +6 9.94 32223 
1000 2093 34-39 990 27-43 720e6 11247 46022 
1206 2.67 34045 1188 27.49 66°¢8 12686 61.86 
1500 2-34 34651 1484 oF OT 5929, Ie tS 87.76 


SOUND 


14986 
1499. 
1490-6 
1481. 
1477. 
L474. 
14726 
1471. 
1472-6 
1472-6 
1471. 
1471. 
1470. 
1471. 
14726 
1473-6 
1474. 
1476-6 
1478-6 
1480. 
1484. 


aioe 


DB 


600 


CO 
ee 
oS. 


eee oueN El oe 


12U0 


1300.5 


160 


TERUG HE Gye aes eee 
4 GS Le 


SS EE2 


49-41.0 N 140-40.0 W 


Moe? DAT=si Gih=ho 20 


161 


OFFSHORE OCEANOGRAPHY GROUP 
RErERCNCE NOs W6= 5S<i1 12 
POSITION 49-41-.0Ne 140-40.0W GMT 15.0 

RESUL I OF SIP CAST 270 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


DATE. S17 ff 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

Af D EN 
U 13.215 52068 0 etes?  S3066 °00 00 
10 13.15 3268 10 24559 (335586 0 34 202 
rau 8) 15.13 52-68 20 24.59 33578 067 °07 
aC 9-90 32072 30 Seek rte °98 e1lS 
5G 8-34 32-79 50 25-51 24829 1.50 356 
(pe) 6-96 3285 (B) 25-76 225-8 210 074 
100 6¢35 32-92 99 25.89 21361 264 1.22 
iae’ 3296 33647 124 26.37 167.8 3013 1.78 
150 5°89 33284 149 20307 | LSOe> 3-50 2250 
a) 3055 33-87 174 26.74 133-6 385 2087 
200 9e16 3386 199 26.78 13061 4.18 3-50 
ay a 4.93 3388 223 26.82 12663 4.50 4.19 
200 4065 So 60 248 26.86 12202 4.81 4.94 
300 4.29 33294 298 26.94 115-64 5240 6061 
400 4.10 34-02 O97 27.02 108-2 6253 10.62 
500 53°92 54-10 496 A eh U8 Ela 2 Bays? 7258 15.43 
600 53074 34217 395 27.18 94.9 8.56 20.91 
800 3¢35 54429 793 BT be peg BSee | L0GS5 33.250 
1000 3-03 54-358 990 2764) 74-6 11-90 47.95 
1200 rai af 34042 1188 27.47 69°5 T5s55 64.16 
1506 2238 34250 1484 27.56 60-9 15429 90.75 


SOUND 


1496. 
1499. 
1499. 
1488. 
1482. 
1477. 
1475.6 
1475. 
L4Y7o. 
14756 
1473.6 
14756 
1472. 
1472-6 
1472-5 
1473-6 
1474. 
1470-6 
1481. 
1484. 


300 


DB 


600 


CO 
> 
CS 


Gisieeorees lace 


1200 


1900," 


ali 
SALINI 


162 


FERRE IE Fichiates sale 
“ G lea 


48° = 2 3 big 
49-34.0 N 138-40.0 W 


MG.-7 DAYS) Git-2tu 


163 


OFFSHORE OCEANOGRAPHY GROUP 

REPERENCE NOsa/d=— 5-115 VATE, SIV. 7/778 

POSITION 49-34-e0N¢ 138-40-0W GMT 21.0 

RESULTS OF STP CAST .256 POINTS TAKEN FROM ANALOG TRACE 
SISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

0) 14.15 32-80 0 24.48 34002 °00 © 00 

10 14.05 32-79 10 24.49 34562 ©3535 ©02 
20 5 Weare lo) 32-80 20 24.83 313-0 °69 ©07 
50 848 32-84 30 29-53 24667 °96 014 
50 7230 32-87 50 25072 22961 1643 035 
75 644 3289 75 25486 21602 1.98 068 
100 6210 S3e1l 99 26.07 19642 2e51 1.15 
li2s 6025 33674 124 26.55 151-0 2.94 1.64 
150 6028 33-87 149 26665 14201 3-30 2615 
iS 6-10 33-90 174 26.69 138-2 3265 20735 
200 5°96 Joes 199 20%72) 13509 3099 3238 
aed 3059 33-92 225 26.77 1309 4.33 4.10 
250 53033 33293 248 26.81 12765 4.65 4.88 
3500 4.82 Jowte 298 26.86 122.8 9028 6665 
400 4e27 SOO 397 26.98 112-3 6644 10.80 
SUU 4.06 34-08 496 27.07 104.3 7052 15.75 
600 3-81 34617 595 27.16 96-0 8.52 21.34 
80U 3e42 34027 TS 27.28 85.6 Jus S52 3414 
1UUU 3205 34037 a0 27-40 7504 11-93 48.84 
1200 2.74 34 043 1188 27.48 6868 13437 64.98 
1500 2040 34650 1484 27.56 61.3 15552 91.71 


SOUND 


1502. 
1502. 
1496. 
1482. 
1476.6 
1475. 
1475. 
1476-6 
1477. 
1477. 
1477.6 
1476-6 
1475.6 
1474. 
1473. 
1474.6 
1475. 
14760. 
14766 
1480.6 
1484. 


30 


UB 


600 


Co 
e 
e" 


Ringer oro Gl heee 


e400 


1300.5 


ay 
SALINI 
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Gee iad EMM aM UNS cee ese. ti 
a GS 2 


Por eI Gay yes eee Soe ees 


49-26-0 N 136-40.0 W 


NO = 5 SUP Sh Git ie eee 


165 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78 5-114 DATE 1/ 8/78 

POSITION 49=-26-0Nr 136-40.0W GMT 2.9 

RESULTS OF STP CAST 263 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT « 


T D EN 

0 14.79 52042 0 24.05 386.8 © 00 000 
16 14.60 32042 10 24.09 3833 © 59 002 
2U 14.48 32043 20 e4e13 380-4 0/7 08 
50 12 sb 32644 30 24.51 34366 1.13 e1l7 
SU 8-70 32659 50 eres) 2OB-05 1.73 04] 
Vis) 7254 32072 75 25-58 242.8 2037 082 
1UU 660 33-02 99 25-94 208-7 2094 1.32 
125 6627 33042 124 20.50 175-0 3e41 1.8/7 
150 6-08 33-68 149 20nne  155<5 3-82 2044 
17.5 6-00 53083 174 26.65 141.8 4.19 3204 
20U 5079 55«89 seh] 26.72 13563 4.53 3270 
225 5044 33-90 220 26.78 1306 4.86 4ebe 
250 Sel2 533290 248 26.81 127-2 9019 Seek 
3U0 4.69 Joese 298 eoebe Le2lied 5081 6.94 
4U0 4.27 34-01 397 25099 lliel 6.97 11.09 
500 4.02 34.07 496 27.07 10462 8.05 16.05 
600 3°80 54e15 he ho) 27.15 97-0 9.05 21.65 
8U0 5049 34226 4 2 i) 27.229 85e6 10687 34 258 
1006 5-13 54237 990 27.40 75¢9 1248 49.30 
1206 2-80 340435 1188 e747 69061 13492 65.48 


1506 20357 3450 1484 27.56 61-0 15-87 92.19 


SOUND 


1504. 
1503-6 
15036 
1497-6 
1483.6 
1479. 
1477. 
14766 
1470-6 
14766 
14766 
14756 
1474. 
14736 
1473.6 
1474. 
1475. 
1477. 
14796 
1481. 
1484. 


SW 


DB 


600 


(O 
= 
is 


PIES OUI > 


L200 


1300," 


i 
SAL NGL 


166 


TEENA PER RIT Ty cheben anes 
“4 G 


hp 16 


Rares. WOe: 7635 agome. SG 


49-17.0 N 134-40.0 W 


NG). =8 DARI) Gin 90 


4 ere 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 


POSITION 49-17-0Ne 
RESULTS.OF, STP CAST 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS 


U 

10 
20 
50 
aie) 
42 
100 
Tep 
LOU 
Or fs) 
200 
een 
250 
3U0 
400 
900 
6UU 
8U0 
1000 
1200 
1500 


TEMP 


14.46 
14.18 
14.035 
10.51 
8.73 
7252 
6-94 
662 
6023 
6-03 
Sele 
Deo 
508 
4.72 
4.31 
4.00 
53-84 
341 
Sell 
2e75 
real, NWS) 


SAL 


32-64 
3265 
52065 
32269 
32077 
32077 
32-87 
33027 
33-64 
33678 
3386 
3386 
Gyo 
33-92 
34-02 
34.10 
S4e17 
34228 
34237 
54 0435 
34-50 


ao 
134-40 -.0W 


167 


DATE 
GMT 


1/ 8/78 


9.0 


304 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


SIGMA 
8 
24.29 
24.36 
24.39 
25.08 
25644 
25462 
rides IS Of 
26.13 
26.47 
26.61 
26.71 
26.75 
26.79 
26.87 
27.00 
27.09 
27.16 
27.29 
27.39 
27.48 
elle0 


SVA 


56461 
558-0 
55504 
28923 
aster te, 
239-0 
224.4 
190.5 
158-6 
146-1 
136-6 
132.8 
128.9 
121.6 
110.8 
10261 
963 
B4e7 
760 
68-8 
61.2 


POT. 

EN 
00 
002 
007 
e16 
037 
°76 
1.28 
1.88 
2047 
310 
3077 
4.50 
9029 
1 GE Oh 
Mi ca 
16.08 
21.61 
54.36 
65.17 
91.80 


SOUND 


1503. 
150d. 
149U.6 
1484.6 
1479-6 
1478-6 
14.77. 
1477-6 
1476s 
1476.6 
1475-6 
1474. 
1473. 
1473. 
1474. 
1475-6 
1476-6 
1430-6 
1484. 


DB 


PRESOURE s 


300 


600 


168 


TEMPERA PUR Bie ue 
4 S 12 


REE. N@, 


49-10.0 N 


78 


= © = £25 


132-40.0 W 


MG.=8. DA¥=1 GCHP=h5 4a 


OFFSHORE OCEANOGRAPHY GikOUP 


REFERENCE NO- 


78- 


POSITION 49=-10.0Ne 
RESULTS OF STP CAST 
BISSETT@-BERMAN WAS USED DEPTHS ARE INPUT 


PRES> TEMP 


9) 15-34 

10 15.08 
20 14.59 
50 14.64 
30 11.63 
(3 830 
100 6-96 
125 653 
150 6034 
17% 6019 
200 5095 
ZED 5°69 
250 5040 
300 4.87 
400 437 
506 4.04 
600 S649 
800 3042 
1000 3004 
120U 2-76 


1500 236 


SAL 


3240 
32046 
S204] 
e045 
32045 
32266 
32-98 
33657 
3366 
33-83 
33-86 
33-90 
33-89 
Soe IL 
33099 
534-07 
34217 
34630 
534-38 
34 oe 44 
34250 


5-116 
132-40.0W 
265 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


169 


DATE 


1/ 8/78 


GMT 15.0 


SIGMA 
T 
25.92 
25-98 
24.09 
24.11 
24.71 
25442 
29.86 
26.22 
26647 
26.63 
20.70 
26.75 
26.77 
26.85 
20.97 
27.07 
edel7 
27.31 
27641 
27.46 
27.56 


SVA 


3996 
394.5 
S84 el 
382 04 
32508 
25801 
21661 
18266 
15855 
144.4 
138.0 
133-6 
131.2 
12461 
11365 
104-5 
959 
B34 
THee 
0602 
60-8 


DELTA 
D 
© 00 
©40 
079 
1.17 
1.90 
2262 
3222 
3071 
4.13 
4eS1 
4.86 
9020 
9053 
6617 
7236 
B45 
945 
11.23 
12.80 
14.23 
16.17 


POT e 

EN 
000 
°02 
©08 
018 
047 
093 
1.46 
2202 

2061 
3023 

ore OF 
4.264 
5045 
tage 
11.47 
16.47 
22206 
34276 
49.08 
65-08 
91.77 


SOUND 


1505. 
1505. 
1503. 
1494. 
1482. 
1478. 
V4 774 
18773 
U477% 
L477. 
1475. 
1474. 
1474. 
1474. 
1475. 
1477.6 
1476. 
1481. 
1484. 


300 


DB 


600 


PREOOURE ; 


fA 
SALINI 


170 


NER IE es IC 
4 S LZ 


Nor ING. Tie: + So 1S 
49-2.0 N 130-40.0 W 


MB. 8 (DAY. (i—22 4 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSITION 


7 Bn 


49=— 2e0Ne 


Rosi OF SIP CAST 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS 


O 

10 

2U 

SU 

90 

lee) 
100 
Leo 
150 
WY a) 
200 
2ad 
25U 
3U0 
400 
SUU 
600 
80U 
1000 
1206 
1500 


TEMP 


15.58 
14.78 
14.45 
12.68 
949 
8254 
7299 
7294 
7-81 
7265 
7048 
7229 
7203 
6641 
5°63 
4.92 
4.55 
3 «82 
3049 
3-10 
2-50 


SAL 


3220 
32-38 
32-39 
32041 
32657 
32072 
33012 
ero A 
3370 
33-85 
533-89 
35°92 
malate be. 
53-98 
foe ES be) 
34-04 
S4e1l 
34-26 
3435 
34044 
34-50 


9-118 
130-40.0W 


Ver TH 


| 


DATE 


1/ 8/78 


GMT 22.4 
337 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25671 
24.02 
24.10 
24.47 
25-16 
25443 
29-82 
26.14 
26.30 
26.44 
26.50 
26.55 
26.61 
26.71 
26.82 
26.95 
27.04 
27424 
27.34 
27.245 
27.55 


SVA 


41962 
390-0 
38208 
3475 
28220 
25764 
2 ee) 
190.7 
Lia 
16262 
157.6 
152.9 
147-4 
137-9 
128.3 
117.0 
108-4 
90-7 
81.8 
T7201 
6264 


POT. 

EN 
200 
°02 
208 
o1l7/ 
o41 
034 
1.38 
1.95 
ralph te 
3228 
4.04 
4.88 
53e79 
7.79 
12.51 
18.12 
24 42 
to ewe ya 
594.09 
TY.15 
98.81 


SOUND 


1506-6 
1504. 
1503-6 
1497. 
14866 
1483. 
1483. 
1483. 
1483. 
14336 
1482.6 
1482. 
1480. 
1479. 
1478. 
1478.6 
147&- 
1460. 
1484. 


300 


DB 


600 


48, 
= 
ee 


PRESOURE ; 


120 


Lo00,5 


32 
SALINI 


172 


TEMPERATURE SC 
“ GS LZ 


Kir Nive Fa — oo. ELS 
48-51.0N 128-40.0 W 
ta. DAY-2 Gia a 


a 4 39 
; 


ou Ol: 


b/s 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. YWS—= 5-119 DATE 2/ 8/78 

POSITION 48-51-0N*e 128-40.0W GMT Sel 

REOULTS OF STP ~CAST 304 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

U 15.80 32-00 9) 25-51 438.5 00 200 
10 14.78 52-00 10 25-73 417-6 0 44 °02 
2U 12.14 52-03 20 244.28 365-4 ©83 08 
50 11.00 3229 30 24.69 326.7 1.17 017 
50 8-85 52061 50 25-29 269-6 1.75 40 
75 Be2e 52-82 rae) 25-56 244.8 2.39 °81 
100 8.05 33032 99 202.97 2060) 2.96 1.31 
125 7294 3361 124 26.22 18209 344 1.86 
150 7e71 S3ef2 149 260.39 167e1 3287 248 
L7S 7044 33-88 174 26.50 15761 4.28 314 
200 7220 S509! 199 26.56 151-8 4.66 3-88 


225 6-90 53094 223 20.62 145.9 5204 4.69 
25U 6-69 33097 248 260.67 141-24 539 5.55 


306 6045 33299 298 26-72 13764 6-09 7250 
4O0U 5°87 34-01 52% 26.81 129.8 7243 12.27 
500 329 34.04 496 260.90 121.5 8.68 18.00 
600 4.58 534209 995 2fe02 110.5 9.84 24.50 
800 3094 34024 793 27.2 93.5 12.87 38.95 
1000 3250 34-35 991 27.34 81-7 13-460 54.80 
1200 5-04 54043 1188 27645 71ie9 15414 71.97 


1506 2-51 34051 1484 27.56 614.68. 17413 99.26 


SOUND 


15066 
LoUSs 
1495. 
1491. 
1484. 
1482.6 
1463.6 
14636 
1422.6 
1482. 
14381. 
1481. 
1480. 
1480 e 
1479. 
147%. 
1479. 
1486. 
1482.6 
1484. 


Bis 


UB 


600 


PREOOURE ; 


oe 
SALINI 


174 


PERPERR ¢ Uiiosyeae 
4 G ie 


REP 2 OND es yo Direc w 
48-46.0 N 127-40.0 W 


NG«=8 URI =2 Ol =omg 


as 


OFFSHORE OCEANOGRAPHY GkOUP 

REFERENCE NO. 78= 5-120 DATE e2/ 8/78 

POSITION 48-46-0Ne 127-40-0W GMT 8.8 

RESULTS, OF Sir CAST 305 POINTS TAKEN FROM ANALOG TRACE 
BISSETT=BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


ay D EN 

) 13.88 32-08 9) 25.98 393.7 00 ° 00 

1U 13.50 32-09 10 24.07 3859 ©3539 ee 
20 13.07 32-09 20 24.16 37766 0/7 08 
SU 11.06 32054 30 24.72 324.0 1.13 otf 
50 8.70 32¢37 50 250-13 284-9 1.72 041 
75 7295 3252 1 250636 26303 2o4] °85 
1U0U 7264 52081 99 25263 23802 3.05 1.641 
Nes 7236 33021 124 25-99 204.8 3260 2004 
SU 7216 33045 149 26.22 183-0 4.08 FO fe 
175 7-01 3370 174 26-42 164-6 4.52 3044 
200 6089 53-88 199 20.57 150-2 4.91 4.18 
225 6-62 33-94 224 26.66 142.5 Se27 4.98 
250 6029 Re tose) 2) 248 260.71 13746 9062 5282 
3UU 2052 3394 298 26.80 129-5 6.29 7270 
400 3003 54-02 397 26.92 118-49 7254 12.15 
SU0 4.58 54-08 496 27.01 110-5 8.68 17.36 
600 4.25 54.14 eile 27.10 10266 9.74 reife te 
800 3-73 34229 793 27.27 8766 11-63 36677 
1000 5236 34 04 Je) 27.39 76e9 13-28 51.81 
1200 2094 34645 1188 27-47 69e5 14.73 68.11 
1500 2042 54053 1484 aleoG 59¢6 16.64 G4 .36 


SOUND 


1500-6 
1499. 
1496. 
1491. 
UVGS'« 
1461. 
146U. 
14806 
1480.6 
1480. 
1480. 
1480. 
E479. 
L477. 
1476-6 
1476 ® 
1477. 
1473-6 
145U- 
1481. 
1484. 


300 


DB 


600 


CO 
OC 
S 


PRESOURE ; 


1200 


1o00,5 


Sc 
SALINI 


176 


TT HE PER RY TU a 
4 S | 


Re. (ING. 78 — Sse Hl 


48-42.0 N 126-40.0 W 


HB. =8 (DRaZ Git Loe 0 


177 


OFFSHORE OCEANOGRAPHY GkOUP 

REFERENCE NO. 78= S121 DATE 2/ 8/78 

POSITION 48-42-0Ne 126-40.0W GMT 15.0 

RESULTS (OF SPP (CAST 273 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T D EN 

U 12.87 32-30 0 24.35 358-3 °00 °00 
10 12.61 32-30 10 24.40 35328 56 °02 
2U 10.24 32031 20 24.84 312-5 ©69 007 
50 8-98 32035 30 29-07 290-4 °99 014 
50 841 Jee de 50 29029 270-0 1.55 037 
"5 7264 32-88 tn 29-68 23269 2018 0/7 
100 736 53428 99 26.04 19961 2072 1.25 
L225 7022 33259 124 26.30 174.5 3.18 1.78 
150 7208 33077 149 20646 159-7 3259 2236 
pe 6-87 33-88 174 260-58 149.44 3-98 3200 
2uU0 6¢54 33293 199 260-66 141-7 4.34 3270 
225 6-09 33-94 223 26.73 135-6 4.69 4eo44 
290 9°93 33296 248 26-76 13264 502 3e25 
300 959 533298 298 26.82 127-4 3067 7-07 
4OUU 4.76 34-00 597 20-94 11668 6.90 11.43 
500 4.69 34.210 496 27.02 109-9 8.03 16.62 
6U00 4.39 34218 995 27.12 101.3 9.08 eee St 
800 3°98 34.430 193 27.26 89-4 10.98 36.02 
1006 5059 34239 991 Elie at B80 s0P"tcso5 91.28 
1206 3e17 34246 1188 27.46 71-8 14.18 68.47 


SOUND 


1497. 
1496-6 
1488. 
1464. 
1482. 
1460. 
1480-6 
1468U-.- 
14806 
14806 
1479. 
1478-6 
1477. 
1475-6 
L477. 
1477. 
1479.6 
L431. 
1482. 


178 


TEMPERATURE cc. 
4 8 1? 


BU 


1) 
— PAG 
Lit) 
eh val 
<7) 
SD 
7 
ih HOU Rel Na Wl = BS = lee 
‘om 
48-38.0 N 126-0.0 W 
£40 M@.-8 DAY-2 GMT-15.7 
30055 > MR 34 35 
SALINITY, 0/00 


179 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78= 5-122 DOANE 27° 8/78 

POSITION 48=-38-0N* 126- OW GMT 15.7 

RESULTS OF STP CAST 55 POINTS TAKEN FROM ANALOG TRACE 
BISSETT-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 


T 8) EN 
8) 12.78 31-90 0 24.06 38661 00 °0 
10 12.75 ole 9e 10 24.09 385-9 ©5359 20 
2U 9.20 532228 20 24.98 298-6 e72 °0 
SU 8-63 52073 30 290¢42 256-9 1.00 ol 
ole) 7266 33013 50 25-88 214.61 1.47 035 
tS 7-16 33249 fi) 26.23 180-9 1.96 ie) 

PRES DEPTH TEMP SAL PRES, DEPTH TEMP 

Oe 12.78 51.90 593. 8.16 

Se 12-76 Koo We 8 41. 8.08 

Oe 12-76 34291 42.6 7298 

Ge 12.75 Se F1) 43. 7295 

11. 12.74 31.94 G4. 7291 

l2e 12.61 31-96 45. 7290 

13. 12.15 oy Sd 47. 7283 

14. 10-30 352.00 48, he hs 

15-6 9.79 52.04 50. 7205 

16. 9-73 32.06 51. 7-61 

17. 9265 52218 53-6 Reod 

18. 941 52.22 54. 7290 

19.6 9-34 52.27 566 Tete 

20-6 9.18 52228 ee 7240 

ale. 9ele 52-30 61. 7037 

226 8.90 5231 65-6 7230 

« 23-6 8.75 52-36 66.6 Teal 

24 873 52644 67. 7226 

256 8.80 32256 70. Teal 

266 8-78 52.63 Ua. fee 

C7. 8-75 52.65 736 7218 

296 8-67 52270 T4. 7e1l7 

31. BeS7 52077 766 keane 

326 BeDS4 52-79 776 7e15 

34e Be43 32-84 78. 7e13 

356 80335 52.86 race Tele 

366 8-31 52.87 80. 7ell 


38 Be2e 52-91 


SOUND 


0 1490-6 
2 1496-6 
7 1484. 
4 1483. 
3 1480. 
G4 1479. 


SAL 


32093 
32-98 
33-00 
33-02 
533006 
3307 
33209 
S3e1l 
Re Re Je Se 
53014 
5316 
OD aah 
33-20 
Sue eae 
53328 
33-34 
33-38 
3338 
33042 
33045 
535047 
533048 
33e51 
OD en? | 
33052 
55.05 
$5495 


DB 


PRESOURE ; 


Z4AQ 


oye 


a6) 


—_— 
ee 
i 


300," 


Bez 
SALINI 


180 


TEMPERA T URI yee 
4 S Lee 


hier ING k= ihe ah izes 


48-33:-0°N 255330. 


Pee S (DAZ CMe 5 


181 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOs 78= 5-123 DATE 2/ 8/78 

POSITION 48-33-0Nr 125-33-0W GMT 17.6 

RESULTS OF STP CAST 64 POINTS TAKEN FROM ANALOG TRACE 
BISSETT@-BERMAN WAS USED DEPTHS ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT SOUND 
T D EN 
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Surface Salinity and Temperature Observations 
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SALINITY 


0/0U 
31.060 
30.790 
31.108 
30-649 
S879 
31.847 
31.810 
St G30 
Jee 110 
marie Yee) 
fhe 202 
31.2968 
b2602D0 
326274 
326404 
320342 
SeeDel 
SY bey Ge) 
32-602 
322604 
32.500 
32-663 
fs Tayo 1o )2, 
422856 
326724 
Soe748 
geetedy 
32-704 
Beet oe 
Dewicve 
Gare fie fe 
320747 
320747 
326744 
32749 
5201/50 
Soir Wy ds be 
ke Yoae 
aati d 
Beet Se 
32074) 
52 ® 724 
322740 


a 


TEMP 
° 


1 0 10 O 0 10 
ee ese e@© e@® ® 
mOumuUofrow 


OBSERVATIONS 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE ‘NUMBER 78= 
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SURFACE SALINITY AnD TEMPERATURE OBSERVATIONS 
CRUTSE REFERENCE WUMBE RE YSS8) 


DATES 7 IME SALINITY TEMP LONGITUDE 
1k MO BT GMT 0/00 C WEST 
rs S OSs tea 3226024 15-6 128-40 
fa 3S eh Meo 32.2058 13-9 127-40 
TS. B O28 4850 322100 13-9 127-40 
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| eh POM aS SP eb92 124-30 
13) “GB MMS tIZeUS alee 124— 0 


* DENOTES SALINITY SAMPLE TAKEN FROM & 
BUCKET. ALL OTHER SAMPLES TAKEN FROM 
THE SEAWATEK LOOF 
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LIST OF OMISSIONS 


Hydrographic data: 
173 * * * 
86 * * 


Notes (MacNeill, 1977): 


1%, He data is suspect because of a reversal of gradient by greater than 
/oo (salinity) or greater than .08 ml/1 (oxygen). 


2. The data is deleted because of very irregular data values (usually a mis- 
tripping or leaking bottle if both oxygen and salinity are irregular). 


BieLne gata is deleted because duplicate samples at a depth were not within 
.01 ~/oo (salinity) or .08 ml/1 (oxygen). 


STD Data: 


Note: Consecutive numbers 24 to 28, 61 to 65, and 96 to 100 are part of the 
MILE program and are not included in this report. 
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